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Chapter 1 


Se 


Introduction 


As the title indicates, this is a book about the history of the relations 
‘between science and religion over a period that extends from ap- 
proximately 400 B.C. to A.D. 1550. Although Greek science and natu- 
ral philosophy began about two centuries before Aristotle was born, 
the real beginnings of the dialogue between science and religion com- 
menced with Plato and his student Aristotle (see Figure 1.1). Aristo- 
tle’s name was chosen for inclusion in the title because his role in the 
science-religion dialogue that will be described in this volume 
dwarfs that of Plato. Nicholas Copernicus (A.D. 1473-1543) was cho- 
sen to signify the end of this period because his monumental treatise 
of 1543—On the Revolutions of the Heavenly Spheres (De revolutionibus 
orbium coelestium)—marked the beginning of the end for the medieval 
worldview (see Figure 1.2). With his proclamation of a heliocentric, 
or sun-centered, planetary system, Copernicus began the intellectual 
process that led ultimately to Galileo, Johannes Kepler, and Isaac 
Newton in the seventeenth century. It was they who vindicated 
Copernicus and forced the abandonment of the medieval cosmos, a 
cosmos that had been based on Aristotle's geocentric, or earth- 
centered, planetary configuration, which had been brought to its 
fullest development by medieval scholastic natural philosophers and 
theologians whose opinions and attitudes constitute the substantive 
content of this book. 
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Figure 1.1. Aristotle. From a bust in the Hofmuseum, Vienna. 


Quidtum? fimibiterramouctur Solg, qui ftit, 
Accoun: ccnfb.at caleulus inde meus. 
THE MIDDLE AGES: A TIME OF IGNORANCE AND 
BARBARISM? OR A PERIOD OF STRIKING 
INNOVATION? 


Scholars in the Renaissance regarded the sixteenth and seventeenth Figure 1.2. Nicholas Copernicus. Museum of Torun, Torun, Poland, (Erich Less- 
centuries as the beginning of a new age in which Europe was destined ing/Art Resource, NY.) 
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for great achievements. To show that Europe had departed from its 
dismal past, they divided history into three parts. The first embraced 
the ancient Greeks and Romans down to the conversion of the Roman 
emperors to Christianity in the fourth century. The second, the Mid- 
dle Ages, extended from around 400 to approximately 1400 or 1500— 
the middle of the three historical ages. The third period was 
everything after that—a rich, positive period that came to be called 
the Renaissance and was the modern world of the authors who named 
it. The Renaissance revived the Greek and Roman classics in literature, 
history, and science and turned away from the scholastic literature of 
the Middle Ages. It was regarded as a fertile period in the arts and 
sciences. Renaissance scholars prided themselves on a progressive 
outlook that went beyond the achievements of the ancients. 

The West European Middle Ages extending from around 500 to 
1500, have been, and often still are, perceived as a sterile, superstitious 
period in the history of Western civilization. A distinguished medieval 
historian encapsulated a common view of the Middle Ages when he 
reported that 


The Middle Ages were condemned as “a thousand years without a bath” by 
one well-scrubbed nineteenth-century writer. To others they were simply “the 
Dark Ages”—recently described (facetiously) as the “one enormous hiccup in 
human progress.” At length, sometime in the fifteenth century the darkness 
is supposed to have lifted. Europe awakened, bathed, and began thinking and 
creating again. After a long medieval intermission, the Grand March re- 
sumed. (Hollister 1994, 1) 


It is difficult to imagine a more inaccurate and misleading assess- 
ment. Yet the attitudes described above were commonplace between 
the seventeenth and nineteenth centuries. In the eighteenth century, 
for example, Voltaire, the famous French author and philosopher, 
spoke for many when he referred to “the history of the Middle Ages” as 
“a barbarous history of barbarous peoples, who became Christians but 
did not become better because of it” and also that “it is necessary to 
know the history of that age only in order to scorn it” (Grant 2001, 
332). Such attitudes were commonplace in the nineteenth and twenti- 
eth centuries. As recently as 1992, a reputable historian said of the 
Middle Ages: 


In all that time nothing of real consequence had either improved or declined. 
Except for the introduction of waterwheels in the 800s and windmills in the 
late 1100s, there had been no inventions of significance. No startling new 
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Samer A 
ideas had appeared, no new territories outside Europe had been explore 

ideas Hing Was as it had been for as long as the oldest European could ze- 
ver 


member. (Manchester 1992, 27) 


Unaware of the coming of the Renaissance in the sixteenth century, 
medieval society was totally unprepared for the advent of a new age, 
believing that the future would be just like the previous thousand 

ears of darkness. This is the Rip Van Winkle view of the Middle Ages: 
a thousand years of sleep before the Renaissance produced the great 
awakening of Western Europe. The relentless attacks and harsh criti- 
cisms of the Middle Ages have penetrated popular culture to the ex- 
tent that the Middle Ages are regarded as an age of superstition, 
cruelty, and ignorance. If journalists, for example, wish to describe 
cruelty, they frequently achieve this by introducing the term me- 
dieval,” as when a reporter had occasion to mention that, “the Nazis 
combined the worst of medieval cruelty with twentieth-century tech- 
nology and created a terrifying synthesis” (Reid 1998). K 
Perhaps the most powerful illustration of bias against the Middle 
concerns Christopher Columbus’ voyage of discovery to the New 
World in 1492. Many came to believe that the most significant achieve- 
ment of Columbus’ voyage was the discovery that the earth is not flat— 
as was universally believed in the Middle Ages—but round. This is 
utterly false. No educated person in the Middle Ages believed in a flat 
earth (Russell 1991). They all knew it was round. Their authority was 
Aristotle. In his major cosmological treatise, On the Heavens, Aristotle 
emphatically declared the earth a sphere and even presented an esti- 
mate of its circumference. All who were educated in the universities of 
the Middle Ages would have read that passage. But it could be found 
in many other treatises they might also have read. No one would have 
doubted it. And yet, nineteenth-century authors were able to construct 
a falsehood still widely believed that everyone in the Middle Ages be- 
lieved in a flat earth until Columbus’ voyage proved its sphericity. 

Despite the powerful overall general bias against the Middle Ages, 
only one aspect of that hostility will concern us in this volume—the 
assault against the medieval study of logic, natural philosophy, and 
theology at the approximately sixty universities created in the period 
from 1200 to 1500, an assault that began in the sixteenth century and 
continued on to the end of the nineteenth century. The kind of learn- 
ing signified by these disciplines was collectively known as scholasti- 
cism, and its practitioners were called scholastics. In logic and natural 
philosophy, medieval scholastics were rightly regarded as followers 
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of Aristotle because their primary activity was to study and comment 
upon Aristotle's logic and natural philosophy. Until the late fifteenth 
century, when many of the works of Plato were translated from Greek 
into Latin and previously unknown works of other Greek authors 
were also translated, Aristotle’s works had gone unchallenged, For 
two and a half centuries—from around 1200 to 1450—Aristotle’s nu- 
merous works were dominant in medieval university education. In- 
deed, there were no rivals. But beginning around 1450, Aristotle 
would have many rivals as numerous previously unknown works 
were translated and new schools of thought developed to challenge 
his dominance. As rival philosophies emerged, an intellectual strug- 
gle developed in which there were strong mutual criticisms. As the 
scholastic system of education weakened in the seventeenth century, 
more and more critics of that system voiced their objections to it and 
attacked it by serious analysis, but more often by lampooning the way 
scholastics thought and argued. The cumulative impact of these crit- 
icisms played a crucial role in creating the idea that the Middle Ages 
were an intellectually sterile period. 

The attack on medieval scholasticism began in the Middle Ages 
with Francesco Petrarch (a.p. 1304-1374), who admired Aristotle but 
criticized his followers, because they made doing logic an end in it- 
self instead of a path to something else. In the fifteenth and sixteenth 

turies, the criticisms were directed overwhelmingly against 
cholastic logic and theology, although there were attacks directed 
gainst Aristotelians in general. In the fifteenth century, Lorenzo Valla 
(a.D. 1407-1457) attacked Aristotelians by falsely claiming they took 
an oath never to contradict Aristotle. Valla emphasized the narrow- 
mindedness of scholastic Aristotelians, declaring: “modern Peripatet- 
ics (that is, Aristotelians] are intolerable. They deny a person who does 
not adhere to any school the right to disagree with Aristotle” (Rum- 
mel 1995, 160). The criticisms intensified in the sixteenth century when 
famous figures such as Desiderius Erasmus, Thomas More, Juan Luis 
Vives, and others attacked scholastic logic and theology. 

Erasmus used the formidable weapon of ridicule to attack scholas- 
tic logicians and theologians. By the end of the Middle Ages, scholas- 
tic logic had become virtually unintelligible to anyone not immersed 
in its strange juxtapositions of words and the bizarre sentences it used 
as examples. Theology had become highly analytical, and it used logic 
and natural philosophy extensively, 35 We Shall see. ‘eologians were 
into abstract and strange questions about whether God could do this 
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r that action. In his famous treatise, In Praise of Folly, Erasmus cited 
% ch questions to show how absurd theology had become. He pre- 
A the following sequence of questions, which he claimed con- 
temporary theologians discussed: “What was the exact moment of 
divine generation? Are there several filiations in Christ? Is it a possi- 
ble proposition. that God the Father could hate his Son? Could God 
have taken on the form of a woman, a devil, a donkey, a gourd, or a 
flintstone? If so, how could a gourd have preached sermons, per- 
formed miracles, and been nailed to the cross?” (Erasmus 1993, 87). 
Such strange questions prompted Erasmus to say that theologians 
were “so busy night and day with these enjoyable tomfooleries, that 
they haven’t even a spare moment in which to read the Gospel or the 
letters of Paul even once through” (Erasmus 1993, 93). Erasmus, as did 
many others, felt that theology had been transformed into an incom- 
} ible discipline that was intelligible only to professional the- 
ologians. It had nothing to do with traditional religion, largely 
ignoring the Gospels and the Bible. 

The most telling criticism against scholastic logic was delivered by 
Juan Luis Vives (a.D. 1493-1540), a Spaniard born in Valencia. He was 
trained in scholastic logic while in Paris but abandoned it early on to 
embrace the new humanism that was sweeping Europe. In 1520, Vives 
published Against the Pseudodialecticians, in which he used his knowl- 
edge of scholastic logic to attack it. Vives’ favorite tactic was to show 
how scholastic logicians had developed an extensive and intricate 
technical jargon that was unintelligible to all but themselves. They also 
used the word order of a sentence or proposition to show how that 
could drastically change the meaning of the sentence. In the Latin lan- 
guage, word order does not affect the meaning of a sentence. But 
scholastic logicians changed that by using word order to convey dif- 
ferent meanings. Changes in word order could be crucial to a logician 
but meaningless to a non-logician. It is important to realize that his- 
torians of logic find the medieval practice of changing word order to 
convey different meanings with the samc words to be rational and an 
early version of forma) logical notation. But it was simply unintelligi- 
ble to non-logicians and was easily made the object of ridicule. In re- 
ferring to the logicians, Vives declared that 


they have invented for themselves certain meanings of words contrary to all 
civilized custom and usage, so that they may seem to have won their argu- 
ment when they are not understood. 
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For when they are understood, it is apparent to everyone that nothing 
could be more pointless, nothing more irrational. So, when their opponent 
has been confused by strange and unusual meanings and word-order, by 
wondrous suppositions, wondrous ampliations, restrictions, appellations, 
they then decree for themselves, with no public decision or sentence, a tri- 
umph over an adversary not conquered but confused by new feats of verbal 
legerdemain. Truly, would not Cato, Cicero, Sallust, Livy, Quintilian, Pliny, 
and Marcus Varro (recognized as the first Latin writers on logic) be utterly at 
a loss to hear one of these sophisters make statements like these: 


When he is full of drink, swear on the stone Jove that he has not 
drunk wine, because he has not drunk wine that is in India. 

When he sees the King of France attended by a great retinue of ser- 
vants, say This King does not have servants because he does not have 
those who wait on the King of Spain. 

Though Varro is a man, yet he is not a man because Cicero is not him- 
self Varro. 

That a head no man has even though no man lacks a head. 

There are more non-Romans than Romans in this hall, in which there 
are a thousand Romans and two Spaniards. .. . 

Socrates and this donkey are brothers. 


Two contradictory statements are also in a contradictory sense true. (Guer- 
lac 1979, 57-61) 


Vives’ treatise was brief and widely read. It had a great impact on 
sixteenth-century thought. Vives was encouraged to write his treatise 
after he read a letter by Sir Thomas More to one Martin Dorp, writ- 
ten in 1515. In this letter, More spoke of a logic textbook called the 
Little Logicals. Boys learning their logic from this book, said More, 
were taught a series of piddling rules and many falsehoods. The boys 
were 


taught to distinguish among statements of this kind, “The lion than an ani- 
mal is stronger” and “The lion is stronger than an animal”—as if they did not 
mean the same thing. Actually both statements are so clumsy that neither of 
them means much of anything, but if they do mean anything they doubtless 
mean the same. And these differ just as much, “Wine twice I have drunk” 
and “Twice wine [ have drunk”; that is to say, a lot according to those log- 
ickers but in reality not at all. Now if a man has eaten meat roasted to burn- 
ing, they want him to be speaking the truth if he puts it this way “I raw meat 
have eaten,” but not if he says “I have eaten raw meat.” (Guerlac 1979, 
171-173) 
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Thus did More ridicule and reject the idea of using the word order of 
sentences to convey different meanings. He was also critical of the-. _ 
ologians who were absorbed in the pursuit of trivial questions “that 
are empty in themselves and useless to men who are empty of all the 
rest of knowledge” (Guerlac 1979, 191). These theologians could not 
discuss scripture properly because they were ignorant of the writings 
of the ancients and deficient in the Latin language. 

‘There were other critics of scholastic logic and theology, but only 
one more will be mentioned: Martin Luther. In 1517, Luther wrote a 
treatise that reveals its intent in the title, Against Scholastic Theology. 
Luther, who had studied theology, was disturbed by the rationalistic 
theology that still dominated the theological schools of his day. He 
formulated ninety-seven criticisms against the theologians, among 
which are the following: 


43, Tt is an error to say that no man can become a theologian without Aris- 
toile. This in opposition to common opinion. 

44. Indeed, no one can become a theologian unless he becomes one without 
Aristotle. 

45, To state that a theologian who is not a logician is a monstrous heretic— 
this is a monstrous and heretical statement. This in opposition to com- 
mon opinion. 

46, In vain does one fashion a logic of faith, a substitution brought about 
without regard for limit and measure. This in opposition to the new di- 
alecticians, 

47. No syllogistic form is valid when applied to divine terms. This in oppo- 
sition to the Cardinal. 

48. Nevertheless it does not for that reason follow that the truth of the doc- 
trine of the Trinity contradicts syllogistic forms. This in opposition to the 
same new dialecticians and to the Cardinal. 

49. If a syllogistic form of reasoning holds in divine matters, then the doc- 
trine of the Trinity is demonstrable and not the object of faith. 

50, Briefly the whole Aristotle is to theology as darkness is to light. This in 
opposition to the scholastics. (Luther 1957, 12) 


Luther obviously condemned (Luther 1957, 12) the use of logic in the- 
ology and faith, but was equally repelled by the use of Aristotle's 
works in theology. 

The criticisms of scholastic logic and theology continued on into the 
seventeenth and eighteenth centuries. As time passed, fewer and 
fewer of the critics of scholastic theology and logic had any genuine 
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acquaintance with those disciplines as they were understood in the 
Middle Ages. Nonetheless, it became traditional and customary for 
those ignorant of medieval and early modern Aristotelian scholastic 
thought to harshly criticize it. English philosophers, such as Francis 
Bacon, John Locke, and Thomas Hobbes, who wrote in the seven. 
teenth century, were severe critics of scholastic logic and theology. De- 
nunciations of scholasticism continued on into the eighteenth and 
nineteenth centuries. 

Medieval natural philosophy was subjected to a somewhat differ- 
ent fate than logic and theology. it was not the object of severe criti- 
cism until the seventeenth century. The assault on natural philosophy 
by seventeenth-century authors such as Galileo, Francis Bacon, 
Thomas Hobbes, Pierre Gassendi, and René Descartes proved fatal to 
that discipline, which lost all credibility. By the end of the century, 
Aristotelian natural philosophy was no longer a major intellectual 
force. The greatest blow against scholastic natural philosophy was de- 
livered by Galileo Galilei (A.D. 1564-1642), who used wit, sarcasm, and 
irony as basic weapons against these philosophers. He never tired of 
emphasizing the slavish devotion of Aristotle’s followers to the mas- 
ter. 

In one of his most significant works, the Dialogue Concerning the Two 
Chief World Systems—Ptolemaic and Copernican, Galileo presented strik- 
ing examples of unreasonable devotion to Aristotle in the face of ev- 
idence that obviously contradicted Aristotle’s interpretation. Galileo 
related an incident of his attendance at an anatomical dissection in 
which the anatomist demonstrated that the nerves originate in the 
brain and not in the heart, as Aristotle believed. The ana tomist turned 
to an Aristotelian natural philosopher and asked him “whether he was 
at last satisfied and convinced that the nerves originated in the brain 
and not in the heart. The philosopher, after considering for awhile, an- 
swered: ‘You have made me see this matter so plainly and palpably 
that if Aristotle’s text were not contrary to it, stating clearly that the 
nerves originate in the heart, I should be forced to admit it to be true’” 
(Galileo 1962, 108). In a similar vein, Galileo mentioned telescopic ob- 
servations that he had made with the telescope, which was invented 
in 1608. Galileo was convinced that Aristotelian natural philosophers 
did not accept the validity of telescopic observations. To illustrate this, 

Galileo has Simplicio, who represents the Aristotelian natural philoso- 
pher in the Dialogue, explain why he would not read books describ- 
ing telescopic observations. Simplicio declares: 
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in readi ill now have I put 

interest in reading those books, nor up till now have 
pe! EE e introduced optical device. Instead, following in the 
any faith other Peripatetic philosophers of my group, I have considered as 
footstep Or deceptions of the lenses those things which other people have 


pes RN achievements. (Galileo 1962, 336) 
n 


il t respect for Aristotle, but only cuntempt for the 
Weenie ne ATS who, he was convinced, mindlessly 
followed him. More than anyone else, Galileo shaped the judgments 

t medieval scholasticism for the centuries that followed. His 
oe were widely read, and his reputation was enormous. And yet 
ee con should be kept in mind: Galileo's attack on scholasticism 
Fee Iovelea against the scholastics of his time, in the dying days of 
z dieval scholasticism. During the thirteenth to fifteenth centuries, 
Ere medieval natural philosophers abandoned Aristotle's inter- 

retations on numerous occasions. Unfortunately, Galileo’ S criticisms 
Ti contemporary Aristotelians as slavish followers of Aristotle with- 
out any significant thoughts of their own was extended in blanket 
fashion to all scholastic natural philosophers as far back as the thir- 
teenth century. Thus was the whole of the Middle Ages condemned 
as a sterile period in the intellectual life of Western Europe. 

The nineteenth and twentieth centuries produced more of the same 
attitude. For example, Francis Bowen, a professor of natural religion 
and moral philosophy at Harvard College, wrote in his history e 
losophy that “Aristotelic premises were evoked to support theol oe 
cal conclusions. Novelty was shunned, because it immediately 
incurred suspicion of heresy” (Bowen 1885, 2). Many expounded the 
ludicrous idea that any departure from Aristotle’ s thought was Te 
garded as heresy, as did Harald Höffding in his History of Modern Phi- 
losophy. first published in 1900. A remark by Charles Singer, a 
well-known historian of science and medicine, will conclude this 
skeletal survey of anti-scholastic hostility. In 1941, Singer published a 
brief book on the history of science in which he found occasion to de- 
clare that “many attempts have been made to rehabilitate the intel- 
Jectual achievement of the Middle Ages. So far as science is concerned 
they have been unsuccessful. There is no reason to reverse the deci- 
sion that in this domain the period is one of intellectual degradation’ 

i 1941, 161). s 
n has oe been said to convey a picture of traditional, neg- 
ative attitudes toward the Middle Ages. Beginning in the late nine- 
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teenth century, and continuing through the twentieth, medieval his. 
torians—in contrast to those cited in the preceding paragraph, and 
many others like them, who were largely ignorant of the Middle 
Ages—began to present a more accurate sense of medieval history in 
all its manifestations. In the history of science, Pierre Duhem was a 
pioneer in the study of medieval science and natural philosophy. His 
ten-volume work, Le Systéme du Monde (published from 1913 to 1959), 
covered the period from Plato to Copernicus but was mostly on the 
Middle Ages. Many other scholars have followed in his footsteps, pro- 
ducing a detailed picture of medieval science and natural philosophy. 
What have the extensive research efforts on all aspects of the Middle 
Ages produced? How have they altered the way we view the Middle 
Ages? 


Contrary to Traditional Misconceptions, the Middle Ages 
Was an Innovative Period 


Despite all the anti-medieval passages cited to this point, the Mid- 
dle Ages was one of the most innovative periods in human history. 
Significant advances were made in commerce and numerous other 
fields. Among the innovations in technology were eyeglasses, the 
magnetic compass, the mechanical clock, firearms and the cannon, 
ship rudders, cranks to convert continuous rotary motion to recipro- 
cating motion, and the printing press. Higher education saw the cre- 
ation of the university. For the first time in banking, there were bills 
of exchange, checks, and marine insurance. These advances in com- 
merce were supplemented by the development of codes of maritime 
law and the formation of joint stock companies. In medicine, human 
cadavers were dissected for the first time for teaching purposes in 
medical schools. Government changed with the rise of the nation state 
and the creation of the Magna Carta as well as the English parliament, 
the first representative government. The Middle Ages furthermore laid 
the basis for the modern corporation, and in law, the foundation for 
the Western legal system. Polyphonic music is a product of the Mid- 
die Ages, and it was during this period that the Arabic number sys- 
tem was first adopted by the West. Medieval explorers expanded the 
horizons of Europe as never before. The Vikings reached the shores of 
Newfoundland around 1000. Before 1500, European explorers 
Bartholomew Diaz and Vasco da Gama reached India by rounding the 
Cape of Good Hope, followed a few years later by Christopher 
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New World and began the long period 
e Mi a cane R E dual a oleae 
gf European e the Middle Ages, for the first time in the history of 
i nye n S Berane a society in which innumerable questions about 
BE vcore ised and then resolved almost exclusively by the use of 
Be at extracndinary achievement laid the foundation for the ad- 
pe ent of science, which depends upon reasoned analysis. 
en collectively, these are extraordinary achievements. Many 
oa tributions could be cited, but enough have been mentioned 
e nat the Middle Ages were a fertile and inventive period dur- 
S aena the foundations of Western civilization were laid and the 
E ared for uninterrupted advancements over the next 500 
oad ieee significant achievements occurred within a Christian civ- 
Fteation although most had little to do with the religious aspects of 
Christianity. One great exception concerns the philosophical disci- 
plines of logic and natural philosophy, which were derived from the 
Greeks. Natural philosophy contained a different account of the 
ad than was found in the Bible. From its very beginnings, Chris- 
tianity found this a problem that had to be resolved. How should 
Christians view philosophical works and philosophical discussions 
about the world that might impinge upon Christian belief? The issue 
of the relations of science and Christianity derive from the interplay 
of doctrines of the Christian religion with pagan science, however one 
may view that science. 


RELIGION AND SCIENCE AMONG THE GREEKS PRIOR 
TO THE EMERGENCE OF CHRISTIANITY 


In the most general sense, this volume is a study of the relations be- 
tween reason and revelation as embodied, respectively, in the tradi- 
tion of Greek philosophical thought and Christianity. It is the 
relationship characteristic of Greek learning acquired by the natural 
light of human reason, which stands in contrast to revelation—that is, 
religious truths revealed by God and accepted on the basis of the 
Christian faith. A number of church fathers, especially Saint Augus- 
tine, emphasized the distinction between reason and revelation. Nev- 
ertheless, they believed in one truth. A truth arrived at by reason was 
as good as a truth given by revelation. Thus, there was a basic agree- 
ment between natural and revealed knowledge. There are, however, 
certain revealed truths that are beyond reason and known only by 
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faith. Certain revealed truths can be known by human reason, but oth. 
ers cannot. The existence of God, for example, is a revealed truth that 
can also be known by reason; that is, the existence of God is thought 
by many to be capable of proof by reason alone, independently of rev- 
elation. Revealed truths that cannot be known by reason are the Trin. 
ity and Incarnation, which can only be objects of faith, 

Although there were other radically different viewpoints, as we 
shail see, the position just described encouraged Christians to believe 
that pagan Greek philosophy and natural philosophy were useful ra- 
tional tools to aid in the understanding of scripture. One of the great- 
est and most influential Christian authors was Saint Augustine, who 
insisted that revelation was superior to reason. As one historian of phi- 
losophy has expressed it: “Augustine was never to forget that the 
safest way to reach truth is not the one that starts from reason and 
then goes on from rational certitude to faith, but, on the contrary, the 
way whose starting point is faith and then goes on from Revelation 
to reason” (Gilson 1938, 17). 

Relations between science and religion in the early Christian world 
of the late Roman Empire were really concrete instances of the broader 
relationship involving reason and revelation. Few Christians in late 
antiquity actually did anything that we might call science, but most 
found they could not comment on the creation account in Genesis 
without introducing natural philosophy into their accounts (see the 
discussion of hexameral literature in chapter four). In this volume, Į 
shall emphasize natural philosophy, and to a much lesser extent, med- 
icine. These were the disciplines that affected, and were affected by, 
religion. I shall have relatively little to say about the exact sciences of 
technical astronomy, optics, and statics, which were largely non- 
controversial and did not stir the passions of theologians. Although I 
shall use the expression “science and religion,” by science, I usually 
mean the discipline of natural philosophy, and by religion, the disci- 
pline of theology. 

The long interrelationship between science and religion, with which 
most college- and university-educated individuals have at least some 
familiarity, cannot be traced back to the beginnings of civilization. Its 
true beginnings, as we shall see, occúrred with the advent of Chris- 
tianity in the Roman Empire. This does not mean that there was no 
connection between science and pagan religion prior to Christianity. 
But the relationship was radically different from what was to come. 
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The Role of Religion in Greek Science 


eginnings of science and natural philosophy in 

ae ne ain aed pes science and religion in the pre- 
satia Greek world occurred, producing the first known victim of 
ee ersecution. In the time of Pericles, Anaxagoras of Clazom- 
am 500-128 B.C.), the last of the Jonian pre-Socratic natural 
ze ! hers and a friend of Pericles, was apparently persecuted for 
ph Wei necause he believed the sun was a mass of red-hot metal and 
Bec, presumably not a divine celestial object. The charge of impi- 
ety was probably brought by Pericles’ enemies, who apparently saw 
a good opportunity to attack him, using the pretext of his friendship 
with the atheistic natural philosopher Anaxagoras. This resulted inthe 
banishment of Anaxagoras from Athens. According to Diogenes Laer- 
tius (fl. early third century A.D.), Anaxagoras committed suicide, as 


we learn from this epigram: 


The sun’s a molten mass, 
Quoth Anaxagoras; 
This is his crime, his life must pay the price. 
Pericles from that fate 
Rescued his friend too late; 
His spirit crushed, by his own hand he dies. (Diogenes 1950, 1:145) 


What all this reveals for the relations between science and religion is 
that the Greeks of Anaxagoras’ time believed that the celestial region 
was divine, and they therefore found reason to persecute Anaxagoras 
when he dared proclaim the sun a mass of red-hot metal. 

Another clash between science and religion occurred in the third 
century B.C., when Aristarchus of Samos became the first to proclaim 
that the cosmos is really heliocentric rather than geocentric. He dis- 
placed the earth as center of the world with the sun, and then set the 
earth moving around the sun with an annual motion while simulta- 
neously rotating daily on its axis. In reaction to this revolutionary 
move, Cleanthes the Stoic (263-232 B.c.), the second head of the Stoic 
school, is reported to have charged Aristarchus with impiety, because 
he removed the “hearth of the universe” from the center of the world 
and set it into motion. Nothing happened to Aristarchus, and no such 
charge was ever brought officially by any religious or governmental 
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body. To my knowledge, no similar case arose in the Greek world prior 
to the Christian era. It is noteworthy that these two instances were 
both relevant to the physical structure of the universe, that is, to cos- 
mology. 

More significant than these two rather isolated incidents involvin, 
science and religion, but also concerned with the physical cosmos, ate 
those relations that involved the attitudes of scientists and natural 
philosophers toward divinity and the gods. The two greatest philoso. 
phers of ancient Greece, Plato and Aristotle, who were both involved 
with science and natural philosophy, had the most to say about the 
interrelations of science and religion. 

In his most scientific treatise, the Timaeus, Plato may have been the 
first to assume that the world was created by a god, or Demiurge, from 
disorderly, chaotic pre-existent matter using an eternal, non-physical 
model of living creatures to fashion all living things. Plato’s Demiurge 
probably represents a divine reason that makes a physical world from 
unwieldy, uncreated matter. The Demiurge is not omnipotent but 
seeks to fashion an orderly, rational world from matter that is recalci- 
trant and difficult to shape. In the Timaeus, Plato sought to show the 
world as an entity guided by reason. In his account, the Demiurge 
makes the world as close as possible to the eternal model. Although 
the physical world is but a copy of the model, it is the best possible 
world that could be created. 

Timaeus explains that the Demiurge created the world because he 
is good “and in the good no jealousy in any matter can ever arise.” 
Therefore, 


being without jealousy, he desired that all things should come as near as pos- 
sible to being like himself... . Desiring, then, that all things should be good 
and, so far as might be, nothing imperfect, the god took over all that is visi- 
ble—not at rest, but in discordant and unordered motion—and brought it 
from disorder into order, since he judged that order was in every way the bet- 
ter. (Plato 1957, 33) 


Plato used most of the Timaeus to describe the natural phenomena of 
our world, discussing a wide variety of topics, including the forma- 
tion of the four elements and how numerous creatures of the world 
function. Indeed, he included much that is physical and biological. In 
all this, Plato was usually teleological; that is, he wished to show that 
there is design in nature. Whether there is one god or many gods was 
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ern to Plato. The issue of monotheism or polytheism did 


of no conc 
not arise. 


Aristotle took a radically different path than Plato. Aristotle arrived 

ig notion of God by a process of reasoning that involved causal ac- 
y im Aristotle, change was a form of motion. Every motion in the 
e requires an external cause or agent. All bodies in the universe 
Bee ie to change, because they possess matter, which is always in 
the process of changing. Aristotle regarded change and motion as in- 
ferior to something that might be incorruptible and changeless. Was 
there such an entity? Yes. Aristotle was convinced that the circular mo- 
tions of the celestial bodies and all changes below the moon and on 
the earth—that is, all change in the universe—were ultimately trace- 
able to a single cause, which was itself unchangeable and immobile 
and, therefore, perfect. In Aristotle’s system, this was God, which he 
called the Unmoved. Mover, or Prime Mover. Aristotle's God is eter- 
nal and incorporeal. He is located at the outermost celestial sphere, 
the sphere of the fixed stars, for as Aristotle explains in discussing dif- 
ferent senses of the term “heaven,” “we recognize habitually a special 
right to the name ‘heaven’ in the extremity or upper region, which we 
take to be the seat of all that is divine” (Aristotle, On the Heavens 1984, 
1:462). Unlike Plato's creator God, Aristotle's God did not create the 
world and has nothing to do with it. Although al] things move in order 
to get as close as possible to God, the Unmoved Mover, the latter has 
no knowledge of their existence. In Aristotle’s view, the motion of 
physical bodies in the universe is caused by contact between a mov- 
ing agent and the body being moved—that is, contact between mover 
and moved. But the incorporeal, Unmoved Mover does not cause mo- 
tion in this way. It causes motion in a non-physical manner by being 
an object of desire. God is loved by the outermost sphere of the fixed 
stars as it moves round and round to get as close as possible to the 
Unmoved Mover. Thus, the Unmoved Mover acts as a final cause be- 
cause, with no effort or activity, it causes the celestial orb with which 
it is associated to seek it as an object of love. Indeed, each celestial 
sphere below the outermost sphere of the fixed stars—Aristotle as- 
sumed fifty-four of them to make a grand total of fifty-five—had its 
own incorporeal unmoved mover, which was often called an intelli- 
gence. Of the fifty-five unmoved movers, the first one, which is far- 
thest removed from the earth and is associated with the sphere of the 
fixed stars, was regarded as the first among equals. Each of the fifty- 
five spheres moves because it loves its unmoved mover, a concept that 
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gave rise to poetic utterances that in one way or another proclaimed _ 


*’tis love that makes the world go round.” Motions in the celestial re. 
gion, by mechanisms that Aristotle failed to describe, cause all the 
changes and movements that occur on earth and its environs. 

Since Aristotle’s God did not create the world and has nothing tg 
do with it, what does Aristotle’s God do? He engages in the highest 
activity possible, namely thought. But what does he think about? He 
cannot think about anything outside of himself, because all such 
things are changeable and therefore imperfect and necessarily inferior 
The Unmoved Mover must think only about changeless things. Hence 
he thinks only about himself, because only he is worthy of his own 
thoughts. 

For Aristotle, as for most Greek natural philosophers, the celestial 
region was divine, composed of a special incorruptible ethereal sub. 
stance that suffered no change other than of position as it moved eter- 
nally with a natural circular motion. Thus, Aristotle’s cosmos had 
important divine characteristics. It was teleological, because Aristotle 
believed that all things exist for an end or purpose and that ail things 
strive to realize their full potential. But just as important, Aristotle had 
a sense of awe and wonder about the universe that was certainly re- 
ligious in tone. 

Claudius Ptolemy (c. A.D. 100-c. 170) was the greatest astronomer 
and astrologer of antiquity. His lengthy and monumental treatise the 
Mathematical Syntaxis, which is known universally by its Arabic title, 
Almagest, was the fundamental astronomical work used by all ase 
tronomers until the sixteenth century. His work on astrology, the 
Tetrabiblos, or “four-parted book,” was easily the most widely used 
treatise on astrology during the Middle Ages in both Islam and the 
Latin West. Indeed, it is still in use today. Ptolemy followed Aristotle 
in dividing theoretical knowledge into theology (or metaphysics), 
mathematics, and physics. However, where, Aristotle regarded theol- 
ogy as the most important and highest branch of theoretical knowl- 
edge, Ptolemy assigned that role to mathematics. Ptolemy asserted 
that theology and physics “should rather be called guesswork than 
knowledge, theology because of its completely invisible and ungras- 
pable nature, physics because of the unstable and unclear nature of 
matter.” He concluded that philosophers will never agree on these two 
disciplines. But mathematics is radically different: “Only mathemat- 
ics can provide sure and unshakeable knowledge to its devotees, pro- 
vided one approaches it rigorously. For its kind of proof proceeds by 
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table methods, namely arithmetic and geometry. Hence we 
‘drawn to the investigation of that part of theoretical philosophy, 
es we were able to the whole of it, but especially to the theory 
ae ing divine and heavenly things. For that alone is devoted to 
coms cestgetion ofthe eternally unchanging,” In Ptolemy's judgment, 
astronomy is a branch of mathematics. It makes men see clearly and, 
wer, “from the constancy, order, symmetry and calm which are 
Peis with the divine, it makes its followers lovers of this divine 
ate accustoming them and reforming their natures, as it were, to 
a similar spiritual state” (Ptolemy 1984, 36, 37). The superiority of 
mathematics, and therefore astronomy, over theology and physics is 
made apparent when Ptolemy explains how mathematics can help 
and physics. 
i, all ao, it seems plausible to infer that for Ptolemy doing 
mathematics or astronomy was akin to a religious experience. It was 
the contemplation of the eternal and unchanging divine celestial re- 
jon that attracted Ptolemy and gave his astronomical research ethi- 
cal dimensions. Ptolemy did not, however, reveal any further interest 
in religion, such as in prayers, or rituals. He was only interested in ac- 
knowledging the divine in the unchanging aspects of the cosmos. 
Whatis striking about the attitudes of Plato, Aristotle, Ptolemy, and 
other Greek natural philosophers is that they did not worship the di- 
vinities whose existence they assumed. The gods and divinities they 
described in their physical treatises were abstract and remote. More- 
over, there was no theology that analyzed or studied sacred texts, be- 
cause there were no significant scriptural texts. Aristotle composed an 
enormously important treatise on metaphysics, or theology, as he 
called it, which later came to serve Christians in their difficult analy- 
ses of sacred scripture. In the pagan world, Aristotle's treatise on 
metaphysics dealt with unchanging, incorporeal, and separate sub- 
stances, the highest kinds of beings in the universe. But these beings, 
often called intelligences, were little more than abstractions. Aristo- 
tle’s metaphysics did not become a dominant analytical tool until it 
was applied to the Christian God in late antiquity. 


Science and Natural Philosophy in the Ancient 
and Medieval Periods 


GER. Lloyd tightly explained that “science is a modern category, 
not an ancient one. There is no one term, in Greek or Latin, that is ex- 
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actly equivalent to our ‘science’.” Lloyd mentioned a number of Greek 
terms “in which the ancients themselves describe what we should call 
their scientific work.” They are terms that may be rendered in English 
as “inquiry concerning nature,” “love of wisdom,” “philosophy,” 
“knowledge,” and “speculation.” “Thus,” Lloyd continued, “a good 
deal of what we know as early Greek science is embedded in philos- 
ophy, and this remains true, though to a lesser degree, of the period 
after Aristotle” (Lloyd 1973, xiii). 

Just because the Greeks did not have a specific term, or terms, for 
“science” does not, of course, mean that they were not doing science 
in a manner that would be recognized as such by modern scientists, 
If our goal is to describe the relations between science and religion 
from early Christianity to the end of the Middle Ages, we must have 
a reasonably good idea of what science was to those who were en- 
gaged in such activities. There are those who believe that modern sci- 
ence differs so radically from the science of late antiquity and the 
Middle Ages that they would deny altogether that science existed in 
these early periods. What, then, were they doing? The reply would 
probably be natural philosophy, which was concerned with all aspects 
of motion and change in the physical world, but was not itself a sci- 
ence. It seems essential, then, to know what science and natural phi- 
losophy were and, if science did exist, how, if at all, was it related to 
natural philosophy? 

In the chapter on Aristotle, I shall describe his division of knowl- 
edge and show how he related metaphysics (or theology), mathemat- 
ics, and natural philosophy. Here we need only mention that Aristotle 
distinguished the mathematical sciences—astronomy, optics, and me- 
chanics—from natural philosophy. The mathematical sciences—or, as 
we would call them, the exact sciences—fell midway between natural 
philosophy and mathematics and were therefore regarded as middle 
sciences by Aristotle and his medieval followers, who used the Latin 
phrase mediae scientiae—literally “middle sciences.” They were also 
called “mathematical sciences” (scientiae mathematicae). Aristotle rec- 
ognized that the middle sciences involved the application of mathe- 
matics to natural phenomena. But he believed the middle sciences 
belonged more to mathematics than natural philosophy, a theme that 
was discussed further in the Middle Ages. Those who wish to deny 
the real existence of science in the Middle Ages would do well to re- 
member that astronomy in the Middle Ages was regarded as a science 
and actually called a science, albeit a middle, or mathematical science. 
Moreover, it was usually known by the Latin term astronomia, from 
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A we derive our modern name for the science of as- 
“a Pes practitioners of medieval astronomy were not, however, 
~ astronomers. 
ors Peet eciences such as astronomy and geometrical optics were 
categorized as belonging to natural philosophy, what did belong 
o t discipline? All phenomena in the heavens and on earth, both 
a and inanimate, that moved and changed were regarded as the 
legitimate province of natural philosophy. This included phenomena 
i would today assign to various modern sciences, such as geology, 
meteorology, physics, cosmology, chemistry, biology, and others. 
‘When scholars in the ancient and medieval periods discussed earth- 
wakes and other motions of the earth, those would be included today 
ine discipline of geology; motions of the tides would be considered 
oceanography; how the four elements (earth, water, air, and fire) be- 
come different compounds and how those compounds change into 
other things would belong to chemistry. Many other examples could 
be given, but these should suffice to convey the idea that natural 
philosophers considered problems that belong to many modern sci- 
ences, even though neither the names of these modern sciences, nor 
the sciences themselves, existed in the ancient and medieval periods. 
Only the phenomena did, many of which were identified and dis- 
cussed in a variety of contexts, usually within the framework of a trea- 
tise on natural philosophy. . : 
We may conclude from this that there were a few recognized sci- 
ences in the period with which we are concerned. During the late Mid- 
dle Ages, following Aristotle, sciences, such as astronomy and optics, 
were called middle sciences, or mathematical sciences. The term me- 
diae scientiae, as we saw, was used to identify these few mathemati- 
cal sciences. Thus, the medieval Latin term scientia was used for 
mathematical astronomy, geometric optics, music or harmonics, and 
mechanics, especially statics, which was known as the “science of 
weights” in the Middle Ages. When these disciplines are discussed, 
we are justified in translating scientia as science. Contrary to a com- 
monly held opinion, the word science was not first used in the nine- 
teenth century but was first employed, in a limited sense and in its 
Latin form in the late Middle Ages. À 
As we just saw, the subject matters of many other modern sciences 
were immersed in the literature of natural philosophy but not identi- 
fied with any science. Bits and pieces of many sciences were discussed 
in the literature of natural philosophy over the 1,500 years with which 
we are concerned. In the seventeenth to nineteenth centuries, many 
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sciences came into being with their modern names. Some, if not many, 
of them, first appeared in the literature of natural philosophy during 
the ancient and medieval periods. It is, therefore, quite appropriate to 
regard natural philosophy as the mother of all sciences. 

Natural philosophy considered many questions relevant to one 
modem science or another and also considered many questions that 
bear no relationship to any modern science. For example, whether the 
whole earth is habitable and whether the earth is spherical are ques- 
tions relevant to geography. Some questions properly belong to as- 
tronomy and cosmology including, for example, (Grant 1974, 
199-210) 


whether spots appearing in the moon arise from differences in parts of the 
moon or from something external; 


whether the mass of the whole earth—that is, its quantity or magnitude—is 
much less than certain stars; 


whether a comet is of a celestial nature or [whether it is] of an elementary 
nature, say of a fiery exhalation; 
whether it is possible that there are several worlds (Grant 1974, 204, 205, 207). 


Other questions are pertinent to physics, including 


whether the existence of a vacuum is possible; 
whether, if a vacuum did exist, a heavy body could move in it; 
whether, in local motion, velocity is measured according to distance traversed; 


we inquire what it is that moves a projected body upwards after separation 
from what has projected it; 


whether motion could be accelerated to infinity (Grant 1974, 201-203). 


There were also questions on optics, a branch of physics, as we see in 
these questions: 


whether every visual ray is refracted in meeting a denser or rarer medium; 
whether every visual ray is reflected when it meets a denser medium; 


whether a halo could be produced by refraction of visual rays (Grart 1974, 
208), 


Many questions are not relatable to any particular science or sciences, 
including, for example, 
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whether the generation of one [thing] is the corruption of another; 


whether augmentation is generation; 

whether that which is increased in augmentation remains the same before 
and after; 

whether every corruptible thing has a definite period of duration (Grant 1974, 
206). 


Itis obvious that the mother of all sciences was never itself regarded 
as a science but was, nonetheless, a storehouse of discussions on sci- 
entific themes and problems. It was, as we shall see, also a repository 
for hypothetical questions that compelled natural philosophers to 
cope with imaginary conditions that required the application of Aris- 
totelian ideas to concepts and ideas that were alien to Aristotle. From 
these sources of knowledge, natural philosophy, not the exact mathe- 
matica] sciences, generated discussions relevant to monotheistic reli- 
gions. The exact sciences did not contain material at which religious 
authorities could take offense. In the West, it was always certain as- 
pects of natural philosophy that prompted some religious authorities 
to react with fear and suspicion. The offensive parts, as we might ex- 
pect, were those that conflicted with, or subverted, scripture. 

hope that I have made it clear that when | speak of the history of 
the relations between science and religion, I am almost always speak- 
ing about natural philosophy and theology. But who were the prac- 
titioners of natural philosophy and science in the ancient and 
medieval periods? What were they called? The only name that we 
recognize today is that of physician or doctor. Since the days of Hip- 
pocrates, all the way to the end of the Middle Ages, there have been 
recognized doctors and physicians. But the familiarity ends there. Be- 
cause there was never a recognized class of scientists doing scientific 
research, there is no name for this group. To understand why this is 
so, we must understand how science and natural philosophy were 
done, and by whom. Doing science was quite different from doing 
natural philosophy. 

What science there was in the period from the rise of Christianity 
to the end of the Middle Ages was carried out by individuals usually 
working alone and perhaps consulting with someone they might 
know who had similar interests. They would, of course, have read 
some of the literature relevant to the scientific topic or theme they 
were pursuing. Occasionally royal courts supported a person who had 
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a reputation in optics, astronomy, or medicine, or in natural philoso- 
phy. Among the most famous of medieval royal patrons are Emperor 
Frederick II of the Holy Roman Empire (a.D. 1215-1250) and King 
Charles V of France (a.D. 1364-1380). Indeed, physicians could always 
be found at royal courts. Apart from medicine, science was a periph- 
eral activity. Those who engaged in such activities usually supported 
themselves, probably in some professional capacity. They might have 
been teachers, or because they could read and write, they could have 
performed clerical services for a king or nobleman, or municipal gov- 
ernment. Indeed, they might also have been clergymen, as Roger 
Bacon was. Those who did science were not called scientists; those 
who did geometrical optics were sometimes called perspectivists, 
largely because the discipline came to be called by the Latin term pers- 
pectiva. More often, they were not referred to by any disciplinary 
name. 

Science in the late ancient and medieval periods was, however, rad- 
ically different from modern science. Although some interesting ex- 
periments were carried out, they were relatively rare occurrences and 
certainly did not constitute a recognized aspect of scientific activity. 
Few claims were tested objectively, The experimental method did not 
yet exist. The mathematical sciences, however, were presented with 
the same kind of rigor as a modern treatise in mathematical physics. 
Treatises in geometrical optics and in statics were rigorously mathe- 
matical and based upon some empirical evidence. A thirteenth- 
century treatise on statics by Jordanus de Nemore, titled On the Theory 
of Weights, is a model of scientific procedure and mathematical rigor. 
It was from medieval versions of such works that the disciplines of 
optics and statics were greatly advanced in the sixteenth and seven- 
teenth centuries. Medieval treatises in optics and statics form a legit- 
imate part of any history of mathematical physics. 


Religion and the Mathematical Sciences 


The interrelationship between the exact mathematical sciences and 
religion and faith is decidedly one way: it was the exact sciences that 
could exert influence on theology and religion, but there was virtu- 
ally no feasible way that religion could influence the content of the 
mathematical sciences. In statics, for example, Jordanus de Nemore’s 
On the Theory of Weights is utterly devoid of religious content, or any- 
thing that might be construed as pertinent to religion. The same may 
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he said of astronomical treatises, as, for example, Campanus of No- 
wara's Theory of the Planets (Theorica planetarum), a thirteenth-century 
treatise that sought to present the great Ptolemaic astronomical sys- 
tem to the Latin Middle Ages. The book is a highly technical, mathe- 
matical account of Ptolemy's astronomy, which enabled many 
medieval scholars to learn about the quantitative motions of the plan- 
ets (Campanus of Novara 1971). But it afforded no plausible oppor- 
tunities to relate religion to astronomy, or vice versa. In optics, Roger 
Bacon wrote treatises that were cither wholly on geometrical optics or 
in which geometrical optics played some role. And yet there is noth- 

about theology or religion in two of his major treatises, On the Mul- 
fiplication of Species and On Burning Mirrors (Lindberg 1983). This is 
especially significant because Bacon firmly believed that the exact 
mathematical sciences were essential for theology and religion and 
that one could not be a knowledgeable theologian without studying 
these subjects. He was especially enthusiastic about geometrical op- 
tics because he believed the discipline was capable of illustrating spir- 
itual truths. He was convinced, for example, that an incident ray is a 
certain kind of ray just as refracted rays and reflected rays of geo- 
metrical optics were useful in explicating and interpreting the spiri- 
tual infusion of grace (Bacon 1928, 1:238-239). But none of this played 
a role in his relevant optical treatises. Optics did, however, play a role 
in theology. Optical questions were discussed in basic theological trea- 
tises, in which theologians invoked the role of light in the creation and 
pursued a variety of themes about vision (see Lindberg 1976, 139-142). 
But these were instances of the application of geometrical optics, and 
fo a greater extent natural philosophy, to theology. But optical dis- 
cussions in theology had no effect or influence on geometrical optics 
during the late Middle Ages. 

In contrast to the mathematical sciences, natural philosophy was di- 
rectly affected by theology and religious doctrines, no doubt because 
itembraced motion and change in physical bodies throughout the uni- 
verse. The central core of medieval natural philosophy consisted of a 
number of works by Aristotle that ranged over problems in physics, 
chemistry, meteorology, geology, cosmology, and biology. The numer- 
ous problems of late medieval natural philosophy were drawn from, 
or were based on, these Aristotelian works. Although natural philoso- 
phers wrote treatises on a wide variety of themes, the most wide- 
spread format, which was used in the universities, involved sequences 
of questions on one of Aristotle’s treatises in natural philosophy. 
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THE PROPAGATION OF SCIENCE 


The dissemination of science and natural philosophy in the ancient 
and medieval periods was a difficult and uncertain process. All trea. 
tises in late antiquity and the Middle Ages were written in ink on 
Paper made from papyrus or rags. This remained so until the inven. 
tion of movable type by Johann Gutenberg in the mid-fifteenth cen- 
tury. It is enormously difficult for modern readers who have never 
examined and studied medieval manuscripts to comprehend the 
monumenta! difficulties that were normal and routine. It will be use- 
ful to describe those difficulties. 

During the Middle Ages in Western Europe, a copy of a treatise was 
usually made by a copyist, or scribe (see Figures 1.3 and 1.4). In the 
scribal culture of pre-printing days, scribes laboriously copied a work 
or treatise from a version they owned or to which they had access, 
Not only was this a slow Process—despite a system of abbreviations 
that facilitated the process—but it was also virtually inevitable that 
the new copies would diverge from the original. No two copies would 
be identical. A scribe whose task it was to make five or ten copies of 
the same treatise would inevitably produce five or ten copies that dif- 
fered in various ways from the original and from each other. 

Over the years and centuries, popular works were copied many 
times. Modern scholars who wish to print editions of such works as- 
semble as many of the manuscript copies of the work that they can 
find in the libraries of Europe and in private collections, When this is 
done, they inevitably discover that the copies differ from each other 
in many small and large ways. Words, and almost as often, whole sen- 
tences, are omitted from some copies. The words that are omitted from 
one manuscript copy will usually differ from the words omitted in an- 
other copy. The same may be said for whole sentences; sometimes en- 
tire paragraphs or pages are omitted and even whole sections of some 
works. The best results were probably obtained when numerous 
scribes were gathered together in one room and someone dictated the 
text to them. Greater uniformity and fewer errors were the probable 
results of this procedure. Such a method was employed largely at uni- 
versities and colleges, where there was a ready market for the texts 
that were selected for dictation. Of hand-copied treatises and docu- 
ments, we can confidently assume that a reader of a manuscript copy 
of a work in Paris knew that he was reading a variant version of the 
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Figure 1.3. The opening page of Nicole Oresme’s Latin treatise, The Com- 
mensurability or Incommensurability of the Celestial Motions. (From Paris, Bib- 
liothèque Nationale, fonds latin, 7281, fol. 259r. The manuscript was copied 
sometime in the fifteenth century, probably after 1420.) 
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Figure 1.4. A page of text, with diagrams, from Nicole Oresme’s mathematical treatise, 
On the Configurations of Qualities and Motions. (From Florence, Biblioteca Nazionale Cen- 
trale, Fondo Coventi Soppressi J.IX.26, fal. 15v. The manuscript was copied around 1500.) 


same treatise that another scholar was reading elsewhere in Paris, or 
perhaps in Oxford, Rome, Heidelberg, or Amsterdam. The differences 
between those texts might be large or relatively small. But one could 
be confident that they differed. 

In scientific and mathematical texts, the dangers of scribal errors 
were much greater than in straightforward verbal texts. Diagrams and 
tables were essential parts of astronomical and mathematical texts. In 
copies of Euclid’s Elements, for example, copies made and used by stu- 
dents and scholars in different European universities varied signifi- 
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cantly. Certain diagrams might be omitted in some copies and in- 
cluded in others. Even diagrams that were included might be ren- 
dered unusable, or misleading, because the scribe mislabeled them. 
Moreover, there was the enormous problem of legibility. In many man- 
uscript copies, the handwriting of the scribe is difficult to read or 
largely illegible. Under such circumstances, it is virtually self-evident 
that reliance on hand-copied manuscripts made doing science in the 
Middle Ages an extremely difficult task. It is rather remarkable that 
the study of science, natural philosophy, theology, and literature was 
as coherent and intelligible as it was. Scholars and students were 
somehow able to derive the essential features of the treatises they 
studied, read, taught, and wrote about. Although efforts were made 
to improve the quality of manuscript copies, it was virtually impossi- 
ble to produce copies that were substantially identical. All implicitly 
recognized that the text of a given treatise would inevitably vary as 
more copies were made and more and more errors were introduced. 

The advent of printing from movable type changed all this. One 
could now be confident that those reading scientific texts in Paris, 
Rome, and London were reading identical copies if those copies were 
printed by the same publisher in the same print shop. Printing from 
movable metal type made possible the dissemination of reliable 
knowledge on a massive scale in ways that were previously impossi- 
ble. Books on science and medicine were now rapidly made available 
in identical copies throughout Europe. The plates, diagrams, and ta- 
bles in a given book were the same in all copies. The advantages of 
printed books over hand-copied books cannot be overestimated. The 
printed book transformed learning in Europe not only because it in- 
troduced uniform standards, but also because it greatly increased the 
speed by which learning was disseminated. The invention of printing 
from movable type may have been the most important contribution 
to the advance of civilization made in the second millennium. The 
transition from hand-copied documents to printed documents was far 
more revolutionary than the transition from the typewriter to the com- 
puter. 

Despite the difficulties of composing and disseminating treatises on 
science and natural philosophy during the late ancient and medieval 
periods, scholars have been able to construct a reliable account from 
the range of documents relevant to the theme of this book. To indi- 
cate the themes that will be pursued in this volume, I now present a 
thumbnail sketch of chapters two to eight. 
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BRIEF DESCRIPTIONS OF CHAPTERS 2-8 


Chapter 2: Aristotle and the Beginnings of Two Thousand 
Years of Natural Philosophy 


The relations between science and religion in the late ancient and 
medieval periods were intimately bound up with the works of Aristo- 
tle (384-322 3.c.), the great Greek philosopher and scientist of the 
fourth century B.C., to whom were attributed treatises on such diverse 
subjects as rhetoric, logic, poetry, politics, zoology, scientific method, 
and natural philosophy. Of these disciplines, natural philosophy, or 
physics, as it was frequently called, is the most significant for the re- 
lations between science and religion. As we have already seen, the 
exact sciences, such as mathematics, astronomy, optics, and mechan- 
ics, contained little that was offensive to religious authorities and 
theologians. But natural philosophy—Aristotle’s natural philosophy— 
contained much about the physical cosmos that directly conflicted with 
Christian ideas about the world and its operation. To appreciate and 
understand this, it is essential to know who Aristotle was, what he 
wrote, and why he was the most important figure in the history of sci- 
ence and natural philosophy until the seventeenth century. 


Chapter 3: Science and Natural Philosophy in 
the Roman Empire 


I shall begin with a non-technical summary of Greek science as a 
whole from around 400 s.c. to the establishment of the Roman Em- 
pire. The status of science and natural philosophy in the period of the 
Roman Empire was the science and natural philosophy that Chris- 
tianity encountered in the first centuries of its existence. Because Ro- 
mans contributed little to science, Christians were surrounded 
essentially by Greek science and natural philosophy, both of which 
continued to be developed and advanced in this period. 


Chapter 4: The First Six Centuries of Christianity: Christian 
Attitudes toward Greek Philosophy and Science 


Christianity was born into an intellectual world that was dominated 
by secular Greek thought. Christians had a scripture that they began 
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to explicate and interpret. Was that sufficient? What should their atti- 
tude be toward Greek science and natural philosophy, which gave a 
different interpretation of the world than did the Bible? Was it im- 
portant for them to know about a view of the world that was essen- 
tally secular? Could such knowledge be of any use? The church 
fathers and other Christians debated these issues, and from those de- 
bates emerged the important concept of science and natural philoso- 
phy as “handmaidens of theology.” That is, pagan, secular (Greek) 
science was to be studied and used only to the extent that it served 
the purposes of religion; it was not to be studied for its own sake. 
What is of great significance, however, is the fact that secular science 
could serve an important function for Christians: It would provide the 
tools to analyze God’s creation. 

Christians also found themselves using natural philosophy to ex- 
plicate the creation account in Genesis. Such works were known as 
hexameral treatises, which literally means “the six days.” An account 
of some of these important treatises will be included in this chapter. 


Chapter 5: The Emergence of a New Europe after the 
Barbarian Invasions 


After briefly describing conditions in Western Europe from ap- 
proximately 600 to 1000, I shall depict the new intellectual circum- 
stances that developed in the eleventh and twelfth centuries. This will 
include a description of the new cathedral schools and their curricula, 
which will be followed by a summary account of the new attitude that 
emerged toward traditional Church authority in the treatment of nat- 
ural phenomena. An important feature of this new approach concerns 
dramatic developments in the approach to theology, developments 
that set the stage for theological commentaries over the next five cen- 
turies and which would involve natural philosophy. 


Chapter 6: The Medieval Universities and the Impact of 
Aristotle’s Natural Philosophy 


Ishall first briefly describe the influx of new knowledge into West- 
ern Europe by way of translations from Greek and Arabic into Latin. 
This will be followed by a general account of the structure and cur- 
ticulum of the medieval university, primarily focused on the Univer- 
sities of Paris and Oxford. For the remainder of the chapter, I shall 
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focus on the negative reaction of some church authorities to Aristo- 
tle’s natural philosophy, a resistance that culminated in the Condem. 
nation of 1277 in Paris. 


Chapter 7: The Interrelations between Natural Philosophy 
and Theology in the Fourteenth and Fifteenth Centuries 


To describe the interrelations between natural philosophy and the. 
ology, I shall first explain how theology influenced natural philoso- 
phy, showing the degree to which theological and religious ideas 
penetrated natural philosophy, and then show the converse—the ex- 
tent to which natural philosophy influenced theology. 


Chapter 8: Relations between Science and Religion in the 
Byzantine Empire, the World of Islam, and the Latin West 


I conclude the volume with a comparison of the way science and 
religion interacted in the Byzantine Empire, the Islamic world, and the 
Latin West. In this comparison, readers will see how the broad cul- 
tural and governmental structures of a civilization affect the way it 
shapes the relations between science and religion. A vital element in 
the long-term relationship between science and religion is the separa- 
tion of church and state. Christians wanted the state to leave them 
alone to worship as they pleased. Hence they advocated a separation 
of church and state, which became an inherent feature of the relations 
between the two entities long after Christianity became the state reli- 
gion. This stood in sharp contrast to the Byzantine Greek Orthodox 
Church and to Islamic Society. Other characteristics will also be ex- 
plored, especially the role science and religion played in education. 


r- 


Chapter 2 


Aristotle and the Beginnings of 
Two Thousand Years of Natural 
Philosophy 


LIFE 


Aristotle was born in 384 B.c., in the town of Stagira, which lay in 
Macedonia in northern Greece. His father, Nicomachus, was a physi- 
cian in the service of King Amyntas of Macedon; his mother, Phaestis, 
was a woman of independent wealth (Barnes 1995, 3; Sarton 1952, 
470-473). In 367, as a lad of seventeen years of age, Aristotle moved 
to Athens to study with Plato in the Academy, where he remained for 
twenty years until the death of Plato in 347. During those twenty 
years, it is plausible to assume that Aristotle heard, and participated 
in, important philosophical discussions involving some of the great- 
est minds of the time. The themes that were debated must surely have 
ranged across issues that were dear to Plato, such as metaphysics, 
ethics, logic, politics, and epistemology. And although physics and 
cosmology were not themes to which Plato devoted much time and 
effort, Aristotle would likely have had occasion to engage in discus- 
sions about those subjects. 

With the death of Plato and the emergence in Athens of anti- 
Macedonian sentiment, Aristotle, who never became an Athenian citi- 
zen, departed Athens and traveled to the coast of Asia Minor. There he 
lived first in Assos, where he married Pythias, the niece of the tyrant 
of Assos, Hermias (Sarton 1952, 473). He moved next to Mytilene, on 
the island of Lesbos, where he met Theophrastus, who became an im- 
portant friend and future colleague. During his approximately four 
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scholars have focused their attention on the thirty works re- 
8 fed as genuinely by Aristotle, Let us see how these works are re- 
“At ihe outset, we confront a puzzle about the true nature of the 
Aristotelian texts. Upon Aristotle's death, his library, which included 
a large number of treatises ostensibly written by him, passed to his 
friend ‘Theophrastus, who became the new head of the Lyceum, and 
who subsequently passed the library to his nephew, Neleus, who 
took it to Scepsis, a city in Asia Minor. There, Neleus buried the col- 
Jection in a cave. For two centuries, the manuscripts lay rotting in that 
cave and were then rediscovered and taken to Athens, then to Rome, 
where they came into the possession of Andronicus of Rome (first 
century B.c.). Andronicus, who was an Aristotelian philosopher, ed- 
ited the manuscripts around 70 ».c. and in so doing prepared the 
basic edition that is still in use today. Jonathan Barnes has asked, 
*What did Andronicus do? How did his edition—how does our edi- 
tion—differ from what Aristotle actually wrote? The answer roughly 
put, is probably this: Andronicus himself composed the works which 
we now read” (Barnes 1995, 10-11; also Montgomery 2000, 7-9, for 
further details). 

How are we to understand this startling statement? Andronicus did 
not actually write the works, but by editing them, he gave them the 
form they have today. The works in their present form were thus not 
written by Aristotle, or even by his pupils and colleagues in the 
Lyceum. Who, then, did compose the original works that Andronicus 
edited? What did Aristotle actually write? These questions have been 
hotly debated since the nineteenth century. We shall not attempt to 
answer them here. It has been suggested that Aristotle’s works in the 
form we have them were probably lecture notes or drafts of his lec- 
tures. Over the years, and for a variety of reasons, Aristotle undoubt- 
edly made changes in his notes, which may account for the 
unpolished and uneven style of his texts. Later members of the 
Lyceum may have edited some of his treatises, and Andronicus of 
Rhodes certainly did. 

There is also the problem of the chronology of Aristotle's works. 
What was the order of his works? Can this be determined? For nu- 
merous reasons, it is not likely that we shall ever be able to ascertain 
the chronology of his works with any reasonable degree of confidence. 
Questions about Aristotle’s texts—authorship, chronology, and au- 
thenticity—emerged in the late nineteenth century and have attracted 
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the attention of scholars ever since. But in a study about the history 
of natural philosophy, in which Aristotle is the paramount figure, 
those problems are of little consequence. During the lifetime of Arig. 
totelianism as a viable philosophy, and even beyond into the nine. 
teenth century, such considerations were never raised. It did not occur 
to medieval scholars, for example, to question the authorship of such 
texts. Even if they had known that Andronicus of Rhodes edited the 
works of Aristotle, they would not have found that any reason to ques- 
tion the veracity of Aristotle’s authorship. Moreover, they were never 
concerned about the consistency of this or that particular treatise; nor 
did they inquire whether someone—Andronicus, for example—might 
have rearranged and interpolated passages. No one suggested that 
Aristotle's treatises were really the collective product of many minds 
at the Lyceum. Such problems and questions never arose. Until the 
late nineteenth century, the great philosopher Aristotle, regarded ag 
the dominant intellect of antiquity and the Middle Ages, was as- 
sumed, without question, to have written the texts attributed to him, 

In fact, no one to my knowled ge raised questions about the chronol- 
ogy of Aristotle’s works. In the modern age, it has been rightly as- 
sumed that Aristotle’s ideas must have evolved and that this would 
be somehow reflected in his works. If statement A in one work con- 
flicts with statement B in another treatise, modern scholars assume 
that Aristotle changed his mind. Thus, if one can determine that state- 
ment B was made subsequent to statement A, it would follow that the 
section containing B was written after the section containing A, and, 
therefore, perhaps the work including section B was written after the 
work that includes section A. 

Questions about the chronology of Aristotle’s works did not really 
arise until the late nineteenth century. His works were approached as 
if they had been composed in a timeless manner. Inconsistencies of 
the kind described in the preceding paragraph would have been re- 
solved by somehow reconciling the two conflicting statements, or by 
ignoring them. And above all, despite the legitimate concerns of mod- 
ern scholars about the nature of Aristotle's authorship, or whether he 
should even be regarded as the author of the many treatises attributed 
to him, philosophers and scientists who used them in late Greek an- 
tiquity, in Islam, and in Western Europe from the late Middle Ages to 
the end of the nineteenth century, assumed, without reservation, that 
the philosopher Aristotle was the undoubted author of them all. 
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ACHIEVEMENTS 


i iş probably the most significant figure in the history of 

Be rohi up a the end of the sixteenth century. The range of 
ea he treated in his extant writings is extraordinary, and the wis- 
Sey and insight he reveals is rather amazing for someone who lived 
jn the fourth century B.c. We can best appreciate Aristotle's contribu- 
tions when we view them against the background of his role in West- 
em thought. As G.E.R. Lloyd explains: “To attempt to cover the history 
of Aristotle’s influence on subsequent thought in full would be not far 
short of undertaking to write the history of European philosophy and 
science, at least down to the sixteenth century” (Lloyd 1968, 306). Aris- 
totle’s contributions are nothing less than monumental. Lloyd rightly 
declares that “the idea of carrying out systematic research is one that 
we in the West owe as much to Aristotle and to the Lyceum as to any 
other single man or institution” (Lloyd 1968, 287). Aristotle s research 
programs are exhibited in his biological and political works. Indeed, 
he is the founder of biology as a discipline. Not only did he do pio- 
neering work in biological classification, but his description of the 
habits and behavior of certain species still elicit the admiration, and 
even awe, of modern zoologists. 

In the History of Animals, we see Aristotle at his best as an observer 
and recorder of animal behavior. Among his numerous especially 
noteworthy descriptions are those of the torpedo fish, or stingray, the 
breeding habits of bees, as well as embryological data about the chick, 
the placental shark, and cephalopods (Aristotle 1984, 966; 970-976; 
883-884; 889; 855-856; see also Sarton 1952, 537-545). Aristotle exam- 
ined chick embryos, for example, by breaking open one egg every day 
and observing the progress of the embryo. On the third day, he ob- 
served the beginning of an embryo and noted that “the heart appears, 
like a speck of blood in the white of the egg”; on the tenth day, “the 
chick and all its parts are distinctly visible” (Aristotle 1984, 883). AL 
though Aristotle knew that most fish produce their young by laying 
eggs, he recognized an important exception in the placental dog fish, 
a member of the selachian group, which brings forth its young alive. 
It does this by laying eggs in the womb, whereupon the eggs become 
attached to the womb by a navel string (Cohen and Drabkin 1948, 
420). Most were skeptical of Aristotle’s claim until 1842, when Jo- 
hannes Müller, the great German biologist, showed that Aristotle’s ob- 
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servati 
aoe He FA ae Ao o) Aristotle described the an enormous summation of labour we owe even our common knowledge. 1 
as 49, perhaps even an ele baer $ € may have dissected as ma Wish old Aristotle could know what a Defender of the Faith he had found in 
least, Aristotle dissected = pl ( Ones 1912, 105-106). At the very jou. Believe me, my dear Dr. Ogle, 
FA ae es © eye of a chick, the eye of a mole, and the x Yours very sincerely, 
of ruminants, which he accurately describes in his Hist E Ch Darwin 
eae 1984, 883; 844; 806; see also Cohen and Drank 
i P istotle is the founder of biology, he is also the universally ac- 
eee ee were still influential and current in the M aged inventor of formal, syllogistic logic. His logical treatises 
(a.D. 1817-1878) e i ue to him reveal. George Henry Lewes are known as the Organon—tool or instrument—and consist of six 
airea nel ee Who carefully studied Aristotle’s biolog- works: the Categories, which treats of terms that signify things; On 
ation of Ani ls Hi ms any impressed by Aristotle’s On the Gener. Interpretation, which is concerned with propositions; Topics, in eight 
” of which he said the following: books, which is concerned with non-demonstrative Teasoning and 


shows how to conduct effective arguments; Sophistical Refutations, 
which is a collection of fallacies. The final two, the Prior Analytics 
and the Posterior Analytics, are the most important. The Prior Ana- 


find some of the obs t j F 
when we consider EEA of Biology treated with a mastery which, iytics contains Aristotle's greatest contribution to the history of logic, 
That there are many errors, many deficiencies ena SAY 8 truly astounding, namely the theory of the syllogism, which is the theory of deductive 
the admission of facts, may be E aii e ae not a little carelessness in inference and usually consists of two premises and a conclusion. Not 
work is frequently on a level with, and ae EY ie nevertheless, at times the only was Aristotle the first to present a formal analysis of the syllo- 
ulations of many advanced emb ies faite ly even rises above, the spec- gism, but he also “invented the use of schematic letters” (Barnes 
1952, 540) YOBESS. (Lewes 1864, 325; cited in Sarton 1982, 30). As Jonathan Barnes explains, "Logicians are now so In 
miliar with his invention, and employ it so unthinkingly, that they 
The second tribute to Aristotl forget hi ial a device it was: without the use of such let- 
= le was from may forget how cruci evic 5: of 
Darwin. Upon receipt of a copy of Dr. William Opec Charles ters logic cannot become a general science of argument. The Prior 
Atistotle’s Parts of Animals, Darwin sent a lenas ae ‘ansiation of Analytics makes constant use of schematic letters” as is evident early 
February 22, 1882: “You must let me th k of thanks to Ogle on on when Aristotle presents the classic case of the syllogism: “If A is 
the introduction to the Aristotle book rea Peete FERA which predicated of every B, and B of every C, A must be predicated of 
who then declared (Sarton 1952, 545). fp een Darwin; every C” (Aristotle 1984, 41). Finally, there is the Posterior Analytics, 
wherein Aristotle presented his theory of scientific demonstration or 
Thave rarely read anythin, i F cientific method and used the mathematical sciences as his primar’ 
g which has interested me more, th g is Pemey 
read as yet more than a quarie BF th re, though I have not odel. 
e book proper, move 
ee In addition to his work in biology and logic, Aristotle constructed 
From quotations which 7 ii č a system of the cosmos that endured for more than 2,000 ears, in 
its, but Iad not theinar Reon ue ee as tite different civilizations and cultures. His discussions of satin in 
tials the Physics set the stage for subsequent controversies that resulted in 


medieval advances and ultimately led to the works of Galileo and 
that you have e: laid Newton. In his brief Poetics, Aristotle established the categories of 
takes nabs rae ie S0 probable a manner some of the grossest mis- drama that are still accepted, namely “Tragedy, Comedy, Epic, and 

- t never realized, before reading your book, to what Lyric” (Oesterle 1967, 455). Within the category of Tragedy he distin- 
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guished six elements: “plot, character, thought, diction, son, 
spectacle” (Oesterle 1967, 456). As one author put it, “after al 
two centuries it remains, the most stimulating and helpful of all an, 
lytical works dealing with Poetry” (Cooper 1956, 3). His ideas ik 
politics and ethics formed the basis of discussions in those areas a 
early modern times. ma 
It is difficult to overstate Aristotle's significance for Weste, 
thought. His contributions can be summarized in many ways. A by ‘a 
account by A. E. Taylor will suffice: se 


It has not been the lot of philosophers, as it is of great poets ti i 

should become household words. ... Yet there area fom are whe 
influence on thought and language has been so extensive that no one who 
reads can be ignorant of their names, and that every man who speaks the n> 
guage of educated Europeans is constantly using their vocabulary, Amen 
this few Aristotle holds not the lowest place. We have all heard of Kian ae ne 
have all heard of Homer. He has left his impress so firmly on theology thee 
many of the formulae of the Churches are unintelligible without acqua vane 
with his conception of the universe. Iwe are interested in the growth of mance 
gim science we shall readily discover for ourselves that some knowledge of 
Aristotelianism is necessary for the understanding of Bacon and Galileo sre 
the other great anti-Aristotelians who created the “modern scientific” sian 


Of the numerous themes that one might investigate in the thought 
of Aristotle, we shall focus our attention on his natural philosophy, 
which served as the dominant interpretation of nature for approxi- 
mately 2,000 years, encompassing at least three civilizations, using 
three distinct languages: Greek, Arabic, and Latin. 


Aristotle and the Beginnings 


ARISTOTLE'S COSMOS AND NATURAL PHILOSOPHY 


Aristotle's cosmos was, of course, a product of his natural philoso- 

v: By a variety of means and in a number of treatises, Aristotle iden- 
a ‘and described the basic components of the physical world. What 
he fashioned was destined to serve as the basic conception of the uni- 
verse for almost two millennia. 

For Aristotle, the cosmos was a gigantic spherical plenum that had 
neither a beginning nor would ever have an end. Everything in exis- 
tence lies within that sphere; nothing exists, or can possibly exist, out- 
side of it: neither matter, nor empty space, nor time, nor place. Aristotle 
regarded it as nonsensical to inquire about extracosmic existence, con- 
sequently rejecting the possibility that other worlds might exist be- 
yond our own. Within the cosmos, Aristotle distinguished two major 
divisions: the celestial region and the terrestrial. The dividing line be- 
tween the two regions was the concave surface of the lunar sphere. 
That surface divided two totally dissimilar regions (see Figure 2.1). 

‘The terrestrial region, which lay below the concave lunar surface 
was a region of constant change and transformation. It consisted of 
four elements: earth, water, air, and fire, arranged in this order from 
the center of the world to the moon’s concave surface. All bodies were 
compounded of combinations of two or more elements. In the terres- 
trial region, bodies were always coming into being as differing com- 
pounds of the four elements, and bodies were always passing away 
because their elements eventually dissociated to combine with other 
elements and form new compound bodies. At the center of the uni- 
verse was the earth, surrounded in many of its parts by water and 
then air and fire. If the motions of the elements were suddenly to 
cease, the four elements would sort themselves out into four concen- 
tric regions, from heaviest to lightest, namely from earth to water to 
air to fire. But this could not happen because it is the nature of all el- 
ements to move and thereby to associate and dissociate with other el- 
ements. In the upper atmosphere of the terrestrial region, just below 
the concave surface of the moon, Aristotle assumed that comets, 
shooting stars, and other simitar phenomena occurred. He inferred 
their existence in this region because they were changeable phenom- 
ena, and therefore could not occur in the unchanging celestial region. 

If change and transformation are the characteristic features of the 
terrestrial area, minimal change is the hallmark of the celestial region, 
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Figure 2.1. The basic, simplified medieval Christianized version of Aristotle's 
depicting the terrestrial region in the center and the planetary spheres from the iar ea 
to the “first movable heaven” (primum mobile). Enclosing the world ıs the immobile 
Empyrean heaven, the “dwelling place of God and all the elect.” (Peter Apian, Cosmog- 
raphicus liber, 1524, col. 6, Courtesy Lily Library, indiana University, Bloomington.) 


within which lie the planets and stars. The lack of change is attribut- 
able to a celestial ether, which Aristotle regarded as a fifth element 
that fills the celestial region, leaving no empty spaces. The ether is an 
incorruptible, eternal substance that suffers no change, except change 
of place. It did not come into being and will never pass away. Because 
the planets and stars are composed of the celestial ether, they also un- 
dergo no change, except change of place, which we can readily ob- 
serve. Because Aristotle viewed a small degree of change as superior 
to a greater degree of change, he regarded the celestial region as no- 
bler than, and vastly superior to, the terrestrial region, where inces- 
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aantand unremitting change was the most characteristic feature. Be- 
cause it is nobler and superior to the terrestrial region, Aristotle 
thought it appropriate that the celestial region should influence ter- 
restrial changes. Future astrologers found this a welcome support to 
justify their prognostications. 

Jt was Aristotle’s understanding of natural philosophy that enabled 
him to determine the physical nature of the cosmos and to spell out 
its properties and behavior in his numerous treatises. To grasp the role 
that natural philosophy played in Aristotle's scheme of things, it is 
essential to understand the emphasis he placed on human reason, or, 
intellect, which is the same thing. In the Nicomachean Ethics 
(10.7.1178a.5-8), Aristotle declares that “that which is proper to each 
thing is by nature best and most pleasant for each thing; for man, 
therefore, the life according to intellect is best and pleasantest, since 
intellect more than anything else is man” (Aristotle 1984, 1862). Aris- 
totle frequently emphasized reasoned discourse and accorded it the 
highest place. Although he did not assume a creation for the world, 
he did believe in a God, but a rather strange God, one who serves as 
a final cause for an eternal world, without beginning or end. Indeed, 
Aristotle's God has no knowledge of our world’s existence, but is 
wholly absorbed in thinking about himself, since he alone is worthy 
of serving as his own object of thought. Even if the world were not 
the object of God’s thoughts, Aristotle regarded it as a rationally struc- 
tured physical sphere that contained all that exists, with nothing lying 
beyond. 

Aristotle thought it important to classify different kinds of knowl- 
edge and actions in appropriate categories. Where, then, did he locate 
natural philosophy, or natural science, within the all-inclusive domain 
of knowledge? In his Metaphysics, Aristotle distinguished three broad 
categories of knowledge that he regarded as scientific: the productive 
sciences, the practical sciences, and the theoretical sciences. The pro- 
ductive sciences embraced all knowledge concerned with the making 
of useful objects, whereas the practical sciences were directed toward 
human conduct. Everything else fell under the jurisdiction of the the- 
oretical sciences, which Aristotle divided into three parts (Aristotle 
1984, 1619-1620). If we take them in order of priority, they are: (1) 
metaphysics, or theology, which considers things that are unchange- 
able and therefore distinct and separable from matter or body, such 
as God and spiritual substances; (2) mathematics, which also consid- 
ers things that are unchangeable. Unlike objects in metaphysics, how- 
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ever, the objects of mathematics have no separati i 

they are abstractions from physical bódiee, aa. Oaa p: 
called natural science, or, as it came to be popularly desi ated d 
ural philosophy, which considers only those things that > cha Ai 
able, exist separately, and also have within themselves an n 
source of movement and rest, From Aristotle’s standpoint, naturel aig 
losophy embraces both animate and inanimate bodies and is a be 
ble to the whole Physical world, that is, to both the terest =a 


But how do we derive knowled, i 
ge about nature? First it is essenti: 
to understand that for Aristotle, as he explains in the Posterior AnA 
lytics, sense perception is the foundation of human knowledge. He zal 


particulars there is perception” (Aristotle 1984, 1 i 
c ’ 32). But as basic 
regarded sense perception, Aristotle denied that we could arrive aie 


Aristotle explains, perception is of the indivi 
e 5, pe individual or particular, 
from particulars “it is impossible to perceive what aaa be 


ceive that it is eclipsed and not wh j 

i ë y at all; for there turned out to b 
no Perception of the universal. Nevertheless, if, from considering this 
often happening, we hunted the universal, we would have a demon- 


stration; for fr i i i 
out sas tom several particulars the universal is clear” (Aristotle 


been given when our account of them i i 
1 is free from impossibilities” 
{Aristotle 1984, 562). Thus, even if one cannot directly tes A Be 
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nomenon, Aristotle feels that an explanation is acceptable if it is com- 
ible with what is possible. His explanations of the formation of 
comets and shooting stars exemplify this procedure. ; 
In addition to general methodological considerations, Aristotle 
Jaced great emphasis on the role of causes in natural philosophy. He 
Parded all bodies as composites of matter and form, the former func- 
tioning as a passive principle, the latter as an active principle. How 
do these bodies change? Aristotle attributed all possible changes to 
four kinds of causes. The first is the material cause—the matter from 
which something is made, as the bronze is the matter of a bronze 
statue. The second is the formal cause—the essence or inner structure 
ofa thing as expressed in its definition. To pursue the statue example, 
the sensible aspect of form is the shape the sculptor will give to the 
statue; the intelligible aspect of form in this case would be the essence 
of what it is to be a statue. The third type is the efficient cause, which 
is the agent or producer of the change or action, namely the sculptor. 
The fourth is the final cause, which is the end or purpose for which 
an action is done. In the present case, the final cause of the bronze 
statue is the sculptor’s original intent, for it was what motivated the 
sculptor to make the statue. Aristotle sometimes reduced the four 
causes to two. The material cause always remained the material cause. 
The other three causes can be reduced toa single cause, a formal-final- 
efficient cause. Thus, if an artist has the formal and final causes of a 
statue in mind, they will serve as an efficient cause to prompt him or 
her to make the statue. Or to use an organic example, an acorn does 
not yet have the form of an oak tree, although it has the potentiality 
of becoming an oak tree. Thus, the acorn will try to realize the form 
of an oak tree. Its ultimate goal of becoming an oak tree also functions 
as a final cause. The efficient cause operates to enable the acorn to re- 
alize its final form as an oak tree. 

Aristotle distinguished four kinds of changes that these causes 
could produce. The most fundamental was substantial change in 
which one form replaces another form in the underlying matter of the 
body, as when fire reduces a log to ashes. Qualitative change occurs 
when, for example, the color of a body changes, as when a leaf turns 
from green to brown. Quantitative change takes place when a body 
increases or diminishes its size, but retains its identity, Finally, there 
is change of place, when a body moves from one place to another. 

Aristotle had other tools of analysis for comprehending nature. In 
the Physics, he contrasts things that exist by nature with those that do 
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not. “By nature the animals and their parts exist, and the Plants and. 


the simple bodies (earth, fire, air, water)—for we say thai 
the like exist by nature” (Aristotle 1984, oh Each of ie si “ha 
within itself a principle of motion and of stationariness (in Tespect 3 
place, or of growth and decrease, or by way of alteration). On the otk’ 
hand, a bed and a coat and anything else of that sort, qua receiving 
these designations—i.e. in so far as they are products of art—have i: 
ue uae to change” (Aristotle 1984, 329). But products of a 
will undergo change if they are i 
Moni a y are composed of things that do have an 
Later, in the Physics, Aristotle characterizes nature as “a cause, ą 
cause that operates for a purpose” (Aristotle 1984, 341) and then des 
fines it as “a principle of motion and change” (Aristotle 1984, 342). 
Thus, nature operates by causes that produce motions and changes. 
An investigation of nature by means of physics, or natural philoso- 
phy, would involve a study and analysis of those causes and the mo- 
tions and changes they produce. In the introductory paragraph to his 
Meteorology, Aristotle gives us a good sense of what we should un- 
derstand of the study of nature by natural philosophy. 


We have already discussed the first causes of nature, and all natural motion, 
also the stars ordered in the motion of the heavens, and the corporeal ele- 


region nearest to the motion of the stars, Such are the milky 

e y way, and comets, 
and the movements of meteors. It studies also all the a AA we may call 
common to air and water, and the kinds and parts of the earth and the af- 
fections of its parts. These throw light on the causes of winds and earthquakes 


From this it is apparent that for Aristotle, physics, or natural phi- 
losophy, embraces the motions of terrestrial and celestial bodies, the 
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rA and transformations of the four elements in the terrestrial re- 
Saa and the generations and corruptions of the compound bodies 
RON A ntinually produce. Natural philosophy also includes phenom- 
ena in the upper region of the atmosphere just below the moon, which 

Aristotle's concern in the Meteorology. Finally, it includes the 
cay ofanimals and plants, which Aristotle says he will subsequently 
3 t These, and other topics on natural philosophy, appear in a 
collection of Aristotle's treatises that came to be known collectively as 
the “natural books” (libri naturales), which include Physics, On the 
Heavens (De caelo), On the Soul (De anima), On Generation and Corrup- 
tion (De generatione et corruptione), Meteorology, and The Short Physical 
Treatises (Parva naturalia), which consists of a number of brief treatises 
tilled: Sense and Sensibilia; On Memory; On Sleep; On Dreams; On Div- 
ination in Sleep; On Length and Shortness of Life; On Youth, Old Age, Life 
and Death, and Respiration (see Aristotle 1984). 


THE SCOPE OF NATURAL PHILOSOPHY 


Natural philosophy in its many manifestations was practiced long 
before Aristotle made his momentous contribution. It is apparent in 
Egyptian civilization and among Aristotle's predecessors, the pre- 
Socratic philosophers. But, as far as is known, no one in those places 
and times sought to define anything resembling what we might re- 
gard as natural philosophy. They simply wrote about a variety of top- 
ics, and it has fallen to modern historians to decide whether what they 
wrote ought to be categorized as natural philosophy. Since it was not 
excluded in ancient Egypt or in Greece in the sixth and fifth centuries 
B.C., it seems appropriate to include medicine within the domain of 
natural philosophy, and, perhaps, even magic as well, though the lat- 
ter would more properly form part of natural philosophy in ancient 
Egypt than in the Greece of the pre-Socratics. 

Aristotle's contributions to natural philosophy changed all this. Not 
only did he leave treatises on almost all aspects of natural philosophy, 
but he also realized the need to define natural philosophy and delin- 
eate its scope, as well as to determine the best methodology for ap- 
plying it to nature. Aristotle was apparently the first to perform this 
service. His efforts were destined to have a lasting effect, enduring for 
nearly 2,000 years in three different major linguistic cultures and civ- 
ilizations—Greek (Byzantine Empire), Arabic (Islamic civilization), 
and Latin (Western Europe). 
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How did Aristotle define and understand natural philosophy? We 
have already seen that by defining it and enumerating the range of 
subjects to which it applies (in the Meteorology), he restricted its Scope, 
This is obvious by his division of the theoretical sciences into meta- 
physics, mathematics, and natural philosophy, or physics. Clearly, he 
thought of metaphysics and mathematics as distinct from natural phi- 
losophy. Their subject matter was with entities that did not suffer 
change, while the essence of natural philosophy was to treat wholly 
of bodies undergoing change and motion. But did Aristotle really 
mean all bodies subject to change and motion? If so, natural philoso- 
phy would embrace virtually every discipline that treats of some as- 
pect of the physical world, every part and subdivision of which 
undergoes change and motion. Because medicine is concerned with 
changes in the human body, it is appropriate to infer that Aristotle in- 
cluded medicine as part of natural philosophy. But this seems unlikely. 
In the opening passage of Meteorology (cited earlier), Aristotle in- 
tended to mention, or allude to, all the subjects that formed part of 
his research program. We may infer this from his remark that when 
the study of animals and plants has been completed, “we may say that 
the whole of our original undertaking will have been carried out.” 
Nowhere in that “original undertaking” is medicine mentioned, nor, 
as far as we know, did Aristotle ever write a treatise on medicine, al- 
though he often used examples from medicine and was the son of a 
physician. 

In addition to the exclusion of medicine from natural philosophy, 
Aristotle also excluded the mathematical, or exact, sciences, which he 
characterized as “the more natural of the branches of mathematics, 
such as optics, harmonics, and astronomy” (Aristotle 1984, 331). Some 
lines earlier, Aristotłe explained that when, for example, a mathe- 
matician treats of celestial bodies, he does not “treat of them as the 
limits of a natural body; nor does he consider the attributes indicated 
[that is, the shapes of celestial bodies] as the attributes of such bod- 
ies. That is why he separates them; for in thought they are separable 
from motion, and it makes no difference, nor does any falsity result, 
if they are separated” (Aristotle 1984, 331). As we saw, Aristotle re- 
garded optics, astronomy, and harmonics as “the more natural of the 
branches of mathematics,” and therefore seemingly belonging more 
to mathematics than to natural philosophy. These sciences are “the 
converse of geometry. While geometry investigates natural lines, but 
not qua natural, optics investigates mathematical lines, but qua natu- 


| 
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ral, not qua mathematical” (Aristotle 1984, 331). For Aristotle, the exact 
athematical sciences fell somewhere between natural philosophy 
and pure mathematics, perhaps closer to the latter than the former. 
But the exact sciences belong neither wholly to natural philosophy nor 
to mathematics, but are relevant to both. Because they were viewed 
as lying between the two disciplines, the exact sciences came to be 
known as middle sciences (scientiae mediae) during the Middle Ages. 


Aristotle's Approach 


if Aristotle furnished the content, scope, and methodology of natu- 
ral philosophy, he also provided something else of almost equal im- 

tance: a positive attitude toward nature and a style of doing natural 
philosophy. If we use hindsight to categorize Aristotle, we would judge 
thathe had an intellectual temperament that was forged from the com- 
bined qualities of a philosopher, scientist, and historian. The historian 
in Aristotle is manifested in the way he presented problems. In the first 
book of the Metaphysics, Aristotle became the first historian of philos- 
ophy when he set forth the opinions of his predecessors, those natural 
philosophers who are known as the pre-Socratic philosophers, includ- 
ing his teacher, Plato. The problem he was investigating concerned the 
substance of things: What was their elemental nature? What was the 
cause of things? “We have studied these causes sufficiently in our work 
onnature,” Aristotle declares, “yet let us call to our aid those who have 
attacked the investigation of being and philosophized about reality be- 
fore us. For obviously they too speak of certain principles and causes; 
to go over their views, then will be of profit to the present inquiry, for 
we shall either find another kind of cause, or be more convinced of the 
correctness of those which we now maintain” (Aristotle 1984, 1555). 
With this said, Aristotle launches on a discussion of his predecessors 
for the rest of the first book. 

Aristotle again resorts to the opinions of his predecessors in his cos- 
mological treatise, On the Heavens. After asking “whether the heaven 
is ungenerated or generated, indestructible or destructible,” he de- 
clares: 


Let us start with a review of theories of other thinkers; for the proofs of a 
theory are difficulties for the contrary theory. Besides, those who have first 
heard the pleas of our adversaries will be more likely to credit the assertions 
which we are going to make. We shall be less open to the charge of procur- 
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ing judgement by default. To give a satisfactory decisi 

y decision as to the tr 
necessary to be rather an arbitrato, a 
es r than a party to the di 


1984, 362; Grant 1981, 5-8). After setting out the conflicting 
fa Aristotle, in a typical move, declared, “As a step towards 
epinio which view is true, we must determine the meaning of the 
Ad” He then proceeds to present different ways that the term 
void," or vacuum, has been defined and conceived (Aristotle 1984, 
03-365). Finally, he offers a series of arguments to demonstrate the 


is gu) 
ispute. (Ariş 


Aristotle was well aware that natural Philosop 


he appealed to it in numerous places, ny: hadia history, ang 


But the roles of historian, philosophe: jenti: 
sms Aras nets Wren Arse invoke hl plo exe of Vald space hist 1584 363 349) 
and his predecessors, it is not merely for historical eases bua “We see the same concern for the meaning of crucial terms in his cos- 


mological work, On the Heavens. In this treatise, Aristotle asks whether 
there is only one heaven, or world, and whether it is eternal. In order 
to answer such questions, Aristotle insists that “we must explain what 
we mean by ‘heaven’ and in how many ways we use the word, in order 
These include both the other opini e clearer the object of our inquiry” (Aristotle 1984, 462). He then 
and any points besides these iar haps ie e a Enn ihes three different usages of the term “heaven,” or world. In 
i ase ‘one sense, world is taken as equivalent to the outermost circumference 
of the whole world; in another, heaven is conceived to embrace the 
whole celestial region, including the moon, sun, and the other celestial 
‘ bodies; and, finally, heaven is taken as equivalent to the entire world. 
is in difficulties, it is in like case with those who are tied Aristotle appears to opt for heaven as the totality of the world and then 
argues that “there is no place or void or time outside the heaven” (Aris- 
d A i totle 1984, 462). Aristotle's desire to cite the opinions of others is also 
mec ee as, pune first stating the difficulties are like | illustrated in his Meteorology, where he declares: “Let us now explain 
erwise know even whether he Ta ena pe Ten a man does not oth- the origin, cause, and nature of the milky way. And here too let us 
the end is not clear to such a man, while to hi e is looking for or not; for begin by discussing the statements of others on the subject” (Aristotle 
i pos we has first discussed the 1984, 564). Other examples are readily available, but one cannot doubt 
as if they were parties to a case, must be in a better position forages aoe that Aristotle regarded the citation of other opinions as an essential as- 
7 ect of doing natural philosophy. 
d Logic was an exception to Aristotle's usual procedure. He did not 
A begin those treatises, especially the Prior Analytics, with a summary 
subsequently consider. He u: ; % of previous opinions because there were no previous opinions, and he 
SAS ae e a ail the problemas owed no debt. As Aristotle explains in his Sophistical Refutations: “it 
e proceeded in his analysis of poor, 91-94). was not the case that part of the work had been thoroughly done be- 
it will be helpful to present a few ne E in nat- fore, while part had not. Nothing existed at all” (Aristotle 1984, 314). 
cs, Aristotle argued strongly a Sup oe In the It was also characteristic of Aristotle’s style in natural philosophy 
cuum could exist. As he so often deal the pos- to inform his readers or listeners about the procedure he intended to 
in by presenting the con Hic view ote ie = ol es thought follow. Thus, at the outset of On Interpretation (De interpretatione), Aris- 
gin the inquiry by puttin eden die a See that totle explains, “First we must settle what a name is and what a verb 
j then the account of those BA given by is, and then what a negation, an affirmation, a statement and a sen- 
d third the common o K: w o say that it tence are” (Aristotle 1984, 25) and then proceeds to consider each of 
P! on these questions these entities. He begins the Prior Analytics by announcing the topics 


to set H stage for resolving important scientific and Philos. 
sues. hus, in the first chapter of the third book of his Meta 
once again cites other opinions: à 
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he will consider: “First,” he says, “we must state the subject of the en. 
quiry and what it is about: the subject is demonstration, and itis about 
demonstrative understanding. Next we must determine what a propo- 
sition is, what a term is, and what a deduction is {and what sort of 
deduction is perfect and what imperfect); and after that, what it is for 
one thing to be or not be in another as a whole, and what we mean 
by being predicated of every or of no” (Aristotle 1984, 39). 

From my earlier mention of Aristotle's contributions to biology, it 
is apparent that he engaged in activities that involved careful ob- 
servation of the behavior of numerous animals, In some instances, 
this observational knowledge derived from dissections he did, but 
often it came from his own desire to observe and report. In his 
History of Animals, Aristotle describes the embryological develop- 
ment of the chicks of the common hen. Here we see him at his best. 
As will be evident from the passage quoted below, Aristotle obvi- 
ously broke open eggs that had been laid at the same time and ob- 
served the status of the chick at different stages of its development, 
He tells us that 


With the common hen after three days and three nights there is the first in- 
dication of the embryo; with larger birds the interval being longer, with 
smaller birds shorter. Meanwhile the yolk comes into being, rising towards 
the sharp end, where the primal element of the egg is situated and where the 
egg gets hatched; and the heart appears, like a speck of blood, in the white 
of the egg. This point beats and moves as though endowed with life, and from 
it, as it grows, two vein ducts with blood in them trend in a convoluted course 
towards each of the two circumjacent integuments; and a membrane carry- 
ing bloody fibres now envelops the white, leading off from the vein-ducts. A 
little afterwards the body is differentiated, at first very small and white. The 
head is clearly distinguished, and in it the eyes, swollen out to a great extent. 
This condition lasts on for a good while, as it is only by degrees that they di- 
minish in size and contract. At the outset the under portion of the body ap- 
pears insignificant in comparison with the upper portion. Of the two ducts 
that lead from the heart, the one proceeds towards the circumjacent integu- 
ment, and the other, like a navel-string, towards the yolk. The origin of the 
chick is in the white of the egg, and the nutriment comes through the navel- 
string out of the yolk. 

When the egg is now ten days old the chick and all its parts are distinctly 
visible. . . . [After providing much more of a detailed description of the tenth 
day, Aristotle declares:] 

About the twentieth day, if you open the egg and touch the chick, it moves 
inside and chirps; and it is already coming to be covered with down, when, 
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entieth day is past, the chick begins to break the shell. The head 
Be ea over the right leg close to the flank, and the wing is placed over 
K S head; and about this time is plain to be seen the membrane resembling 
"Her birth that comes next after the outermost membrane of the shell, into 
at ich membrane the one of the navel-strings was described as leading (and 
Be ick in its entirety is now within it), and so also is the other membrane 
UE pling an after-birth, namely that surrounding the yolk, into which the 
Cond navel-string was described as leading; and both of them were de- 
scribed as being connected with the heart and the big vein. At this time the 
navel-string that leads to the outer after-birth collapses and becomes detached 
from the chick, and the membrane that leads into the yolk is fastened on to 
the thin gut of the creature, and by this time a considerable amount of the 
Ik is inside the chick and a yellow sediment is inside its stomach. About 
this time it discharges residuum in the direction of the outer after-birth, and 
has residuum inside its stomach; and the outer residuum is white and there 
comes a white substance inside. By and by the yolk, diminishing gradually 
in size, at length becomes entirely used up and comprehended within the 
chick (so that, ten days after hatching, if you cut open the chick, a small rem- 
nant of the yolk is still left in connexion with the gut), but it is detached from 
the navel, and there is nothing in the interval between, but it has been used 
up entirely. During the period above referred to the chick sleeps, but if it is 
moved it wakes, looks up and chirps; and the heart and the navel together 
palpitate as though the creature were respiring. So much as to generation 
from the egg in the case of birds. (Aristotle 1984, 883-884) 


In this remarkable description of the embryonic development of a 
chick, Aristotle shows his masterful powers of observation and his 
ability to record what he saw in a scientific manner. There is an air of 
detachment and objectivity worthy of a great scientist and natural 
philosopher. Aristotle's description is far superior to an earlier one 
that appeared in the Hippocratic treatise On the Nature of the Child 
(Cohen and Drabkin 1948, 424-425). Virtually all of the experiences 
and observations Aristotle made exhibit these same qualities. Whether 
observing and recording the behavior of animals based on direct ob- 
servation, reporting observations made by others, or writing about the 
nature and operation of the terrestrial and celestial regions of the 
physical world, based upon gross observation and many theoretical 
constructions about its essential features, Aristotle retained the same 
calm and impersonal mode of presentation. And yet, underlying this 
impersonal, detached style was a deep love of nature in all its mani- 
festations, as we see in this famous introductory passage to his bio- 
logical treatise On the Parts of Animals: 
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Having already treated of the celestial world as far as our conjectures could 
reach, we proceed to treat of animals, without omitting, to the best of pup 
ability any member of the kingdom, however ignoble. For if some have nq 
graces to charm the sense, yet nature, which fashioned them, gives amazing 
pleasure in their study to all who can trace links of causation, and are incline 
to philosophy. Indeed, it would be strange if mimic representations of them 
were attractive, because they disclose the mimetic skill of the painter or sculp- 
tor, and the original realities themselves were not more interesting, to all at 
any rate who have eyes to discern the causes. We therefore must not Tecoil 
with childish aversion from the examination of the humbler animals. Every 
realm of nature is marvellous: and as Heraclitus, when the strangers who 
came to visit him found him warming himself at the furnace in the kitchen 
and hesitated to go in, is reported to have bidden them not to be afraid to 
enter, as even in that kitchen divinities were present, so we should venture 
on the study of every kind of animal without distaste; for each and all will 
reveal to us something natural and something beautiful. Absence of haphaz- 
ard and conduciveness of everything to an end are to be found in nature's 
works in the highest degree, and the end for which those works are put to- 
gether and produced is a form of the beautiful. (Aristotle 1984, 1003-1004) 


Aristotle's positive attitude toward nature and his own desire to re- 
main a careful and objective observer are exemplified in all his works 
on natural philosophy. But his methodological approach to nature did 
not include the use of experiments. It has been suggested that Aristo- 
tle would have had no interest in experiments on natural phenomena, 
because experiments require one to alter the behavior of nature arti- 
ficially and arbitrarily. By altering the natural environment of the 
thing that is being investigated, we do not observe its natural behav- 
ior, because its natural behavior only occurs under natural conditions. 
“It is therefore senseless to place a substance under artificial condi- 
tions for better observation. . .. Experiment, in short, opens up no new 
access to the facts, and may succeed only in suppressing them” (Wa- 
terlow 1982, 34). 

In the chick embryo experiment cited earlier, however, Aristotle did 
intervene in nature, because he realized that only by breaking eggs on 
different days could he observe what would otherwise be unobserv- 
able, namely the embryonic development of chicks. In at least this one 
instance, Aristotle showed that he would interfere with nature. Per- 
haps, we should assume that Aristotle would have intervened in na- 
ture whenever he could see direct benefit from the intervention. That 
he hardly ever did so, however, tells us that either he rarely ever saw 
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the direct benefit, or that if he did, he was not ingenious enough to 
conjure up appropriate experiments that might shed light on the nat- 
ural phenomena in which he was interested. It is not at all clear that 
Aristotle was reluctant to intervene in nature. A more likely conjec- 
ture might be that he rarely ever thought he had to, because he was 
convinced that he could derive solutions to most problems by using 
a priori and deductive means to contemplate the way things had to 


With hindsight, we can see that Aristotle was in error in much of 
what he had to say about the physical world. That is hardly surpris- 
ing for someone who wrote more than 2,300 years ago. But we can- 
not judge Aristotle’s significance and impact on that basis, for we 
know all too well that much scientific knowledge that appeared in the 
nineteenth century, and even in the twentieth century, has been shown 
to be erroneous or misleading, or will be shown to be such. We must 
rather judge Aristotle on the way he approached nature; on the way 
he organized his research; and on the style and manner in which he 
presented scientific knowledge. From that standpoint, as we saw, he 
earns and deserves high praise, which he customarily received, and 
still receives, from all who have had occasion to judge him in the an- 
cient, medieval, and modern worlds. He taught those who read and 
studied his works what nature is, and how they ought to appreciate 
and study it. Aristotle did this through the medium of his many trea- 
tises. For it is the phenomenon of Aristotelianism that clustered 
around Aristotle’s works and thoughts that made his name the dom- 
inant force in natural philosophy from late antiquity to the seven- 
teenth century. We must now describe this momentous and 
extraordinary story. 


Chapter 3 


Science and Natural Philosophy in 
the Roman Empire 


THE PRE-SOCRATIC NATURAL PHILOSOPHERS 


The science of the Roman Empire was but a continuation of the Greek 
science that began with a group known as the pre-Socratic natural 
philosophers in the sixth century 8.c. The individuals who comprise 
this group were active in the period from around 600 B.C. to the time 
just before Socrates, sometime around 400 s.c. There can be little doubt 
that the emergence of the pre-Socratic natural philosophers in the 
Greek city-states along the coast of Asia Minor in the sixth century 
B.C. marks the beginning of the critical and analytic spirit that would 
‘become characteristic of rationalistic Greek science and philosophy. 
Unfortunately, their works have not survived. Only fragmentary parts 
were preserved by later authors, many of whom were writing cen- 
turies later. 

The fragments, however, reveal substantive aspects of the thought 
of these early Greek natural philosophers. From these fragments, we 
learn that the pre-Socratics abandoned the supernatural and magical 
explanations that had been routinely employed in early Greek society 
and in ancient Egypt and Mesopotamia. Commencing in the Ionian 
city of Miletus, the first group of pre-Socratic thinkers was known as 
the Milesians, among whom the most famous were Thales (c. 625-c. 
547 B.c.), Anaximander (c. 610-c. 545 B.c.), and Anaximenes (fl. ¢. 545 
3B.¢.). They, and others who followed, were known as monists, be- 
cause they believed that the world was composed of a single sub- 
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stance. The varied objects and things we see in the world are but dif. 
ferent manifestations of the same substance, which for Thales was 
water; for Anaximander, an indeterminate entity, or apeiron, from 
which all things emerged and to which they returned; and for 
Anaximenes, air was the underlying substance of all things. Pythago. 
ras of Samos (c. 560-c. 480 s.c.) was also a monist, but he, and his fol- 
lowers, made number the basic stuff of the universe. They viewed tha 
world as made up of numbers, in some sense, and therefore essen- 
tially mathematical in its structure. 

The Milesians believed that change did occur and that we can ob- 
serve those changes. Parmenides of Elea (c. 515-c. 450 B.C.) and his fa- 
mous disciple, Zeno of Elea (c. 490-c. 425 ».c.), challenged this 
seemingly self-evident view. Parmenides proposed a radical interpre- 
tation. He regarded the human senses as essentially unreliable, and, 
therefore, did not trust them. He placed his complete trust in reason, 
demonstrating this by uncompromisingly following the logic of an ar- 
gument. In a philosophical poem that Parmenides wrote and of which, 
a fair portion has survived, we see that he divided his poem into two 
parts: The Way of Truth and the Way of Seeming. In the Way of Truth, 
Parmenides offers a logical argument that being, which is ungener- 
ated, homogeneous, unchanging, motionless, and indestructible, is all 
that exists. The changes we think we observe are mere illusions. 

Zeno of Elea sought to buttress his master’s position by formulat- 
ing a series of paradoxes to demonstrate the impossibility and ab- 
surdity of motion. His most famous argument involves Achilles and 
the tortoise. Zeno argued that if the tortoise is given an initial lead 
over Achilles, Achilles, the fastest being in the world, cannot overtake 
the tortoise, the slowest creature in the world. This follows because 
every time Achilles reaches a point where the tortoise has been, the 
tortoise has ambled on a bit. Although the distance between them will 
continually diminish, Achilles will never catch the tortoise. Another 
version of this argument is one in which Achilles does not even begin 
to pursue the tortoise. This follows from the assumption that before 
Achilles can begin to pursue the tortoise, he must first traverse half 
the distance that separates him from the tortoise; and before he can 
traverse half the distance, he must traverse one-quarter of the distance; 
and before he can go one-quarter of the distance, he must go one- 
eighth; and so on ad infinitum. Thus, Achilles will never begin his pur- 
suit of the tortoise. Zeno also presented a series of paradoxes to show 
that a plurality of things is impossible, thus defending Parmenides’ 
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ition that only one thing exists in the world and nothing else can 
come into being. The arguments of Parmenides and Zeno were de- 
ductive in form and involved logical reasoning. They laid the basis for 
the subsequent Greek emphasis on logic, which culminated with Aris- 
totle’s invention of syllogistic, formal logic. 

Those pre-Socratics who followed Parmenides had to take account 

of his denial of the possibility of change. They were not, however, 

red to deny the evidence of their senses: they were convinced 
that changes of all kinds occurred, but sought to explain observed 
changes by combinations of unchanging substances. Thus, Empedo- 
cles of Acragas (c. 492-c. 432 B.c.) assumed the existence of four ele- 
ments, or roots, as he called them, namely earth, water, air, and fire, 
which, in Aristotle’s natural philosophy, became the four elements 
that formed the basis of physics for almost 2,000 years. Empedocles 
believed the four elements were eternal—that they always existed 
and would continue to exist into an infinite future. Change occurred 
either by the coming together of two or more of the four elements, 
or by their separation. To form the myriad of things in existence, the 
elements combined in different proportions. As the mechanism of 
change, Empedocles assumed the existence of two opposing forces, 
which he called Love and Strife. Love brought elements together and 
Strife caused their separation. Empedocles believed he was faithful 
to Parmenides’ dictum that no new substances could come into exis- 
tence from previous material substances. For Empedocles, the un- 
changing, eternal four elements produce the different things we 
observe by simple combinations and separations in which the ele- 
ments remain unchanged. 

Anaxagoras of Clazomenae (c. 500-c. 428 s.c.) adopted a very dif- 
ferent strategy even as he, like Empedocles, sought to explain change 
without the emergence of new substances. To avoid the possibility of 
a new substance coming into being, Anaxagoras assumed that every 
material thing has a portion of everything else in it. For example, an 
apple contains hair, wheat, iron, flesh, blood, and a bit of every other 
existent substance. One substance can change into something else be- 
cause that into which it changes is already present. Thus, nothing new 
comes into being, because it already exists within the body in which 
it appears. 

The best-known system of the world presented by pre-Socratic nat- 
ural philosophers is the atomic theory, first proposed by Leucippus of 
Miletus (fl. fifth century B.C.) and developed further by Democritus of 


ceive—for example, colors, tas tes, touch—are not real but are second. 
ary effects derived from the sizes, shapes, and configurations of the 


of innumerable worlds, perhaps even an infinity of worlds. 


THE EMERGENCE AND DEVELOPMENT OF THE 
SCIENCES IN THE GREEK WORLD 


THE LIFE SCIENCES 


Medicine 


In its earliest stages, Greek medicine was practiced in the temples 
of Asclepius, where the Priests of Asclepius Sought to effect cures by 
interpreting the dreams of those who came for treatment. Temple 
medicine continued for some time. By the fifth century B.c., medical 
schools were in existence on the island of Cos, in Cnidus, and in south- 
em Italy. The most famous of these schools was in Cos, associated with 
the name of Hippocrates of Cos. Medical schools in this Period had 
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ture of secret brotherhoods. The famous Hippocratic oath sug- 
ioe this, because each member of the school swore to teach the med- 


ja art only to his sons, the sons of his masters, and to duly 


gpprenticed pupils. s 
“Hippocrates of Cos was born around 460 B.C. and died around 370 
4c Mentioned by Plato and Aristotle, he acquired enormous prestige 
Ri the generation after his death. Approximately seventy medical trea- 
“38 are attributed to him, although members of his school probably 
wrote many of them. As a result, the works are rather divergent and 
their viewpoints are sometimes in conflict. The Hippocratic treatises 
yary in their emphases: some stress theory, while others are empirical, 
staying close to facts and customs; some of the works balance experi- 
ence and theory. Hippocratic medicine was probably no more effec- 
tive than temple medicine. But the school of Hippocrates laid the basis 
for a rational approach to medicine. We can see this in one of the Hip- 
pocratic treatises, On the Sacred Disease, which referred to epilepsy. The 
author declares that “this disease [epilepsy] is in my opinion no more 
divine than any other; it has the same nature as other diseases, and 
the cause that gives rise to individual diseases. It is also curable, no 
Jess than other illnesses, unless by long lapse of time it be so ingrained 
às to be more powerful than the remedies that are applied” (Cohen 
and Drabkin 1948, 473-474). Although many in the ancient world re- 
garded epileptic seizures as caused by divine intervention, the Hip- 
pocratic author of On the Sacred Disease regarded it as a disease like 
any other, to be treated by natural and rational methods. 

Because no licenses were required to Practice medicine in ancient 
Greece, many charlatans pretended to be physicians, traveling from 
town to town and practicing medicine on unsuspecting townspeople. 
Medical ethics were virtually unknown. It was with the hope of rem- 
edying this dangerous situation that physicians of the Hippocratic 
School formulated the famous Hippocratic Oath. Because it is rela- 
tively brief, I shall cite the whole of it: 


I swear by Apollo Physician and Asclepius and Hygieia and Panaceia and 
all the gods and goddesses, making them my witnesses, that I will fulfill ac- 
cording to my ability and judgment this oath and covenant: 

To hold him who has taught me this art as equal to my parents and to live 
my life in partnership with him, and if he is in need of money to give him a 
Share of mine, and to regard his offspring as equal to my brothers in male 
lineage and to teach them this art—if they desire to learn it—without fee and 
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covenant; to give a share of precepts and oral instruction and all the they 
learning to my sons and to the sons of him who has instructed me and jg 
pupils who have signed the covenant and have taken an oath according jy 
the medical law, but to no one else. 

1 will apply dietetic measures for the benefit of the sick according tọ my 
ability and judgment; I will keep them from harm and injustice, 

I will neither give a deadly drug to anybody if asked for it, nor will I Take 
a suggestion to this effect. Similarly I will not give to a woman an abortive 
remedy. In purity and holiness Į will guard my life and my art. 

Twill not use the knife, not even on sufferers fram stone, but will withdraw 
in favor of such men as are engaged in this work. 

Whatever houses I may visit, I will come for the benefit of the sick, re 
maining free of all intentional injustice, of all mischief and in particular of 
sexual relations with both female and male persons, be they free or slaves, 

What I may see or hear in the course of the treatment or even outside of 
the treatment in regard to the life of men, which on no account one must 
spread abroad, 1 will keep to myself holding such things shameful to be spo- 
ken about. 

If I fulfill this oath and do not violate it, may it be granted to me to enjoy 
life and art, being honored with fame among all men for all time to come; if 
1 transgress it and swear falsely, may the opposite of all this be my lot. (Edel 
stein 1943, 3) 


This is a laudable document. High standards were expected from 
the physicians who took this oath. The large number of medical trea- 
tises that have been preserved from the school of Hippocrates reveal 
a generally high level of medical achievement. One of the great tenets 
of the Hippocratic doctors was the healing power of nature. The key 
idea was to work with nature, but to let it do the healing, if at all pos- 
sible. Only when nature is not adequate to the task is the physician to 
intervene and aid nature to the extent that is necessary. At a time when 
little was known about the workings of the human body, this was a 
wise and sensible approach. 

The Hippocratic doctors believed that the body was healthy when its 
basic fluids were in equilibrium and harmony. These four fluids were 
blood, phlegm, yellow bile, and black bile, as we learn from the Hip- 
Pocratic treatise On the Nature of Man. “The body of man,” we are told, 


has in itself blood, phlegm, yellow bile, and black bile; these make up the na- 
ture of his body, and through these he feels pain or enjoys health. Now he 
enjoys the most perfect health when these elements are duly proportioned to 
one another in respect of compounding, power and bulk, and when they are 
perfectly mingled. Pain is felt when one of these elements is in defect or ex- 
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js isolated in the body without being compounded with all the oth- 
7 


oe leihen and Drabkin 1948, 488) 


ors became one of the foundations of Greek medicine 
m an the physicians who followed the Greek medical tradi- 
and se 


MoA nong the greatest glories of Hippocratic medicine were the clini- 
cal observations of the course of various diseases that were given in 
the treatises called Epidemics. These are usually day-by-day accounts 
‘of the progress of a disease or ailment. They are succinct and vivid, 
with most ending in death. Another important feature of the Hippo- 
cratic treatises is the debate between those physicians who believed 
that philosophy was important in medicine and those who did not. 
From the history of Greek medicine we learn that those who regarded. 
philosophy as an important tool in the study of medicine helped 
shape that discipline. Many aspects of Greek medicine reveal the im- 
pact of philosophy. It was the philosophical spirit that prompted 
Greek physicians to determine the course of a disease, to distinguish 
different types of diseases, to investigate the causes of various dis- 
eases, to produce theories of the prognosis of diseases, and to formu- 
late methodological procedures for the treatment of ailments. 

Following the conquests of Alexander the Great and the spread of 
Greek culture and science into Egypt, much of the Near East, and as 
far east as India, Greek science flourished in the Hellenistic period, 
from 300 3.c. to the beginning of the Roman Empire and the birth of 
Christ. It was in the Hellenistic period, in the city of Alexandria, 
Egypt, that the Greeks developed a number of medical schools, each 
of which had its own distinctive approach and methodology. The Em- 
piricist school emphasized experience and rejected theoretical medi- 
cine based on reasoned argument. The Dogmatist school emphasized 
reason but also regarded direct observation of the internal organs as 
vital to a proper understanding of the ailments that afflict the human 
body. To enable physicians to become familiar with those organs, the 
Dogmatists became the first physicians in history to dissect and even 
vivisect the human body. A 

The beginnings of the process by which human dissection became 
a part of Greek medicine is traceable to Plato’s description of the death 
of Socrates in the dialogue Plato called Phaedo. Up to Plato's time, the 
Greeks viewed the dead human body as sacred, and they firmly be- 
lieved that it had to be properly buried, fearing that if this duty was 
neglected, the corpse would take vengeance on those relatives who 
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had abandoned their sol ibiliti 
emn responsibilities. Hence, 
have been Tegarded as the mutilation of a dead bod 


on the “body beautiful” 
the body rather than mui 


ee parents to drink the hemlock, one of his friends, Crito, asks, “An, 

ee eS e ay yone: Socrates replies: ” ‘Anyhow you like, if yi s, 

in tome of and l don't elude you” (Plato 1955, 139). Crito thon 
rms Of a traditional burial, and Socrates complains that he has 


hindrance of a body. 

oe ae ue use a philosophical approach to overcome the tra- 

pene ar of the dead body. However, Plato’s Greatest student, Ari 

ope x R dissected numerous animals, did not try to break the 

$ E si elon Page a dissecting the human body, as A 
r ‘story of Animals, in which he expl in 

while we know the arrangement of the external parts OENE Haas 


Parts of other animals, whose nature it 
S of ol z re in any way resemblı 
man” (Aristotle 1984, 788). Plato’s attitude lower the dead hile 
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d influential outside of Greece when physicians of the 
t school in Alexandria not only overcame fear of the dead 
$ t, in the course of the third century B.C., also took the dra- 
Y step of dissecting it and perhaps even vivisecting it. 
© writing in Rome in the first century a.D., Aulus Cornelius Celsus 
(ne: ‘aD. 25) composed an important treatise titled On Medicine (De 
hicima). In the introduction, Celsus writes about the Dogratist 


A and declares: 


Moreover, as pains, and also various kinds of diseases, arise in the more in- 
femal they hold that no one can apply remedies for these who is ig- 
norant about the parts themselves; hence it becomes necessary to lay open 
the bodies of the dead and to scrutinize their viscera and intestines. They hold 
that Herophilus and Erastistratus did this in the best way by far, when they 
faid open men whilst alive—criminals received out of prison from the kings— 
and whilst these were still breathing, observed parts which beforehand na- 
turehad concealed, their position, colour, shape, size, arrangement, hardness, 
softness, smoothness, relation, processes and depressions of each, and 
whether any part is inserted into or is received into another. (Cohen and 


Drabkin 1948, 471-472) 


Celsus’ charge that the two most famous Dogmatist physicians in 
Alexandria, Herophilus of Chalcedon (b. c. 330 e.c.) and Erasistratus 
of fulis (b. c. 304 B.c.), practiced vivisection has not been conclusively 
demonstrated, although it is likely they did so. Unfortunately, neither 
of these Dogmatist physicians left any extant treatises in which they 
discuss their work. Our knowledge of their contributions is derived 
from Jater writers, especially Galen, the great physician of the second 
century A.D. Nevertheless, G.E.R. Lloyd has plausibly conjectured: 
“When we reflect that the ancients regularly tortured slaves in public 
in the law courts in order to extract evidence from them, and that 
Galen, for example, records cases where new poisons were tried out 
on convicts to test their effects, it is not too difficult to believe that the 
Ptolemies permitted vivisection to be practised on condemned crimi- 
nals” (Lloyd 1973, 77). Celsus, and later Christian authors such as Ter- 
tullian and Saint Augustine, reproached the Dogmatists for cruelty. 
Despite his denunciation of vivisection, Celsus approved of dissection, 
regarding it as essential for students of medicine. 

By their human dissections, Herophilus and Erasistratus laid the 
basis for the sciences of anatomy and physiology. They usually dis- 
Sected the bodies of executed criminals whose bodies were handed 
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Over to them on the authority of the Ptolemaic kings of Egypt, 7) 
knowledge they derived from their dissections is impressive. He 
Philus showed that it is the brain that is the center of the ne 
tem and the seat of intelligence, and not the heart as Ari 
falsely believed. He identified and distinguished the cerebrum and 
cerebellum in the brain, distinguished between arteries and veins, de. 
scribed the optic nerves and retina in the eye, and made Numerous 
other contributions, He also named a number of organs, including the 


tomy, too, de. 
scribing the function of the epiglottis and distinguishing between 


TVOUS Syg- 
stotle hag 


ernal 


perhaps 
vivisection, for scientific purposes, whereas the ancient Egyptians 


used it for religious purposes. Unfortunately, the vivisections of pris. 
oners, who were regarded as worthless and expendable, are 
Plorable even if they provided useful medical information. It reminds 
us too vividly of medical experiments performed by Nazi physicians 
on concentration camp victims and prisoners of war in World War II 
during the last century. 

Numerous other Greek Physicians contributed to medical history in 
the Hellenistic period, encompassing the last three centuries B.C, Al- 
though Rome was the dominant force in Hellenistic times, medicine, 
like all other sciences, was largely a Greek enterprise, 


Biology 


Some, if not much, that Herophilus and Erasistratus discovered was 
also relevant to biology. But they focused on the human body and the 
functioning of its Parts. The larger issues in biology, such as a concern 
for the classification of animals into species and genera and the de- 
scription of a great variety of animals, were almost exclusively the 
work of Aristotle, who single-handedly established the science of bi- 
ology. Aristotle made the Most significant contributions to biology in 


f — 
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gent world (in chapter 2, we saw that he dissected numerous 
ie d was a keen observer of animal behavior). 
Ba -a the long historical process of the classification of an- 
rete! eed species as permanent and unchangeable and was 
mr A B an evolutionist. In his view, one species could not evolve 
por TA become another species; rather, living things form a lad- 
a Acè They proceed little by little from inanimate matter to 
it Bea have a vegetable soul that enables them to obtain nu- 
es and to reproduce. Plants, in turn, ascend by small degrees to- 
Rod the animal world. Animals have a level of vitality that enables 
ihe to obtain food, to have sensations, and to move about (locomo- 
fn). So subtle is the ascent of life forms that Aristotle was sometimes 
unable to determine whether some living things in the Ocean were 
lants or animals. The final living form in the ladder of nature is man, 
ho) according to Aristotle, has a rational soul that enables him to en. 
gage in rational discourse, an activity in which plants and animals 
t participate. 
ii eoi many of the fundamental problems of biology. 
Besides classification, he studied reproduction and the processes of 
nutrition. Indeed, his classifications were largely based on different 
modes of reproduction. His extraordinary powers of observation have 
evoked the admiration of modern biologists. He knew that cetaceans 
(whales, porpoises, dolphins) were mammals and realized that they 
therefore had lungs, breathed air, were viviparous (i.e, their offspring 
were born alive), and suckled their young. Despite the fact that 
cetaceans lived in water, Aristotle correctly classified them as mam- 
mals rather than fish, Until the eighteenth and nineteenth centuries, 
biology was overwhelmingly the biology of Aristotle. There were no 
rivals. 


THE EXACT SCIENCES 


Mathematics 


Both the ancient Babylonians and the Egyptians contributed to the 
beginnings of geometry, with the Babylonians reaching a high degree 
of proficiency in algebra. The Greeks were indebted to these two civ. 
ilizations for some of their mathematical knowledge and understand. 
ing. Neither the Egyptians nor the Babylonians, however, formulated 
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t of mathematical proof, a crucial contribution that was fi 
eas ee he Greeks, pa by Thales in the first half of the Re 
century B.C. Although the attribution to Thales has been contested, 
there is, nonetheless, ample evidence that the Greeks were keenly jn. 
terested in mathematics since the sixth century B.c. and that, in the 
course of the fifth century B.C., they introduced the concept of rigor- 
ous mathematical proof. Pythagoras of Samos and his followers, the 
Pythagoreans, were famous for their mystical interest in numbers, 
number theory, and arithmetic. They were also interested in geome 

and the Pythagorean theorem is one of the legacies attributed to 
Pythagoras, although it has been shown that the Babylonians at the 
time of King Hammurabi also knew the Pythagorean theorem, and it 
is possible that Pythagoras learned it from them. Pythagoras, or his: 
followers, however, proved the theorem. Another of their notew 
contributions was the discovery of incommensurability: they realized 
that the diagonal of a Square is incommensurable to its side. The 
Pythagoreans regarded this discovery as a blow to their theory of pro- 
portion, which could only be applied to commensurable magnitudes 
that had a common measure, but not to incommensurable magni- 
tudes. 


its preservation to the present day. The Greeks had already written 
books of elements long before Euclid composed his treatise. Great 
strides in geometry had been made at Plato's Academy, where a num- 
ber of great Greek mathematicians had come to study with Plato, who 
was keenly interested in mathematics. The most notable were Eu- 
doxus of Cnidus (c. 400-c, 347 a.c.) and Theaetetus (c. 417-369 B.C.) 
Our knowledge of the history of Greek mathematics is largely derived 
from later accounts, the most important of which is by Proclus (A.D. 
410-485), a neo-Platonic philosopher, who incorporated much histor- 
ical information into his Commentary on the First Book of Euclid’s “Ele- 
ments”. The value of Proclus’ account lies in the often unique 


put together the elements, arranging in order many of Eudoxus’ the- 
orems, perfecting many of Theaetetus’, and also bringing to ir- 


ee 


refu! 
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ion the things which had been only loosely 
pe C aaie aR (Gulane Thome 1971, 414). Proclus also 
ore z E has become famous, although its truth cannot be 
E Ptolemy of Egypt “once asked him if there were a 
prea Es the study of geometry than the Elements, to which he 
ole Br there was no royal road to geometry” (Bulmer-Thomas 
Bee ssa synthetic mathematical treatise in which Euclid al- 
oai from what is known to something unknown. Occa- 
ee Pre resorts to reductio ad absurdum proofs—that is, proofs that 
ee eduction to absurdity—in which Euclid shows that if you 
ee t a certain conclusion, impossible consequences follow. In 
H pO ae wopositions, Euclid’s Elements include definitions, postu- 
ed ane The postulates and axioms are placed just before 
Pieni of Book f and form the basis of Euclid’s geometry. The 
= Bea relevant only to geometry, whereas the axioms, or 
“common notions,” as Euclid called them, are relevant to all demon- 


strative sciences. Postulates 


mises. The five postulates of the first book are 
E ewo aee tey af AEP De VPE cane rope 
aA geometry under consideration. The first permits us to draw A see 
line from any one point to any other point; the second allows, A a a 
that line indefinitely from either Seek the aa epee a na 

ny distance from the center; 

See = Sal 2d the fifth, which is the famous parallel postulate, 
tells us under what conditions straight lines will intersect. The Ea Ra 
dlid in recognizing this fifth postulate as a postulate and not attempting 
mal proof has often been remarked. (Clagett 1957, 59) 


The axioms, or common notions, are self-evident and need no ex- 
planation. Because they are few and brief, and because most students 
will probably recognize them, it is simpler to cite the five axioms than 
to elaborate further: 


1. Things which are equal to the same thing are also equal to one another. 
2. If equals be added to equals, the wholes are equal. 

3. If equals be subtracted from equals, the remainders are equal. 

4, Things which coincide with one another are equal to one another. 

5. The whole is greater than the part. (Euclid 1956, 1:155) 
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With the exception of a few primary geometrical entities, such 
Points and lines, the existence of which cannot be Proved bi 


claim that they exist. Existence must be Proved. To illustrate Euclid 
ean definitions, the following are drawn from the twenty-three deg. 
nitions of the first book: 


1. A point is that which has no part, 
2. A line is breadthless length. 
3. The extremities of a line are points. 
11. An obtuse angle is an angle greater than a right angle. 
12. An acute angle is an angle less than a right angle. 
13. A boundary is that which is an extremity of anything. 
23. Parallel straight lines are straight lines which, being in the same plane 


and being produced indefinitely in both directions, do not meet one an- 
other in either direction. (Euclid 1956, 1:153, 154) 


Euclid includes two kinds of Propositions: constructional proposi- 
tions and straight theorems. As the name implies, a constructional 


straight line to construct an equilateral triangle” (Euclid 1956, 1:241). 
Most propositions, however, are theorems in which Euclid announces 
some geometric principle and then proves it, as, for example, in Book 
L Proposition 15: “If two straight lines cut one another, they make the 
vertical angles equal to one another” (Euclid 1956, 1:277). 

By the time Euclid composed his Elements, Greek geometers had for- 
malized the way geometrical Propositions were presented to students 
and readers. There were six basic parts to a typical theorem; 


- The enunciation, which states what is given and what is to be proved. Thus, 
in Book I, Proposition 27, the enunciation declares: “If a straight line falling 


2- The next element in a theorem is the setting out. These are the opening 
words of Proposition 27, which assert: “For let the straight line EF falling 
on the two straight lines AB, CD make the alternate angles AEF, EFD equal 
to one another” (see Figure 3.1) (Euclid 1956, 1:307). 
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Figure 3.1. Book 1, Proposition 27 of Euclid’s Elements, 
which proves that if angle AEF is equal to angle EFD, then 
AB is parallel to CD. From Euclid 1956, 1: 307. 


i iti ification, which clearly and dis- 
third element is the definition or specification, wi an 
ig hy asserts what is sought. Thus in Proposition 27, the definition de- 


clares: “I say that AB is parallel to CD” (Euclid 1956, 1:307). 
4 The fourth step was called the construction or machinery, which adds data that 
" are needed to find what is sought, but which is lacking. The very next lines 
of the proof constitute the construction: “For, if not, AB, CD when produced 
will meet either in the direction of B, D or towards A, C” (Euclid 1956, 1:307). 
5. The fifth step in a proposition is the proof itself, which draws the necessary 
inferences by reasoning deductively from the acknowledged facts. 
i ion i: lusion, which reiter- 
The final stage of a typical demonstration is the conclusion, r 
$ Biss what hes betn demencracet Here Euclid simply repeats the enunci- 
ation, or the first step (above). This is done by the words "Therefore, etc, 
where the one simply substitutes the enunciation for “etc.” This is usually 
followed on the next line by the letters “Q.E.D.,” which stand for the Latin 
words “quod erat demonstrandum,” or, “that which was to be demon- 
strated” (Euclid 1956, 1:308). 


ix basic elements of a Euclidean theorem, three—enuncia- 
salsa and conclusion—appear in all theorems. The others are in- 
troduced only as needed by the requirements of the demonstration. 

Euclid’s Elements formed the basis of Greek geometry. It was a 
model of deductive logic and mathematical synthesis. Utilizing the 
solid base of Euclidean geometry, Greek mathematicians reached a 
very high level of achievement. The two most important mathemati- 
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cians who contributed to the advancement of Greek mathematics 


the Hellenistic period were Archimedes (c, 287-212 B.C.) and Apollo 


nius of Perga (fl. c. 200 .c.). 

Archimedes was unquestionably the greatest 
ancient world. He was not only a mathematical genius, but wag alsa. 
renowned as a great engineer who devised various pulley-like device 
by means of which a small force could move a very large weight. As 
the ultimate example of a small force moving a large weight, 
Archimedes is reported to have exclaimed: “Give me a place to stand 
on, and I will move the earth” (Clagett 1970, 1:213). Numerous math- 
ematical works are attributed to him, some extant and some no longer 
existent. Archimedes used geometrical analysis to solve problems in 
statics and hydrostatics, as in his famous treatises On the Equilibrium 
of Planes and On Floating Bodies. Archimedes tackled some mony. 
mental problems, For example, in The Sand-Reckoner, he attempted to 
measure the number of grains of sand in the universe after maki 
certain assumptions about the size of the world. In modern notation, 
Archimedes concludes that the number of grains of sand in the uni- 
verse is not larger than 10%, To represent such a number, Archimedes 
had to invent a special system to express large numbers. 

In the third proposition of On the Measurement of the Circle, 
Archimedes calculates the ratio of the circumference of a circle to its 
diameter, a value that we call pi z, a term that is of modern vintage and 
was not used by the Greeks. As his approximation for the value of x, 
Archimedes gives 3 1/7 > z > 3 10/71. In On the Equilibrium of Planes, 
Archimedes proves the law of the lever by means of geometry. In that 
same treatise, Archimedes was the first to bring together the elemen- 
tary theorems of statics, From Euclid, Archimedes further developed 
the method of exhaustion to measure the area of a circle, In the ap- 
plication of the method of exhaustion, the area of a circle is calculated 
by inscribing or circumscribing polygons inside or outside of the cir- 
cle. As the sides of the polygon are doubled, the area of the polygon, 
which is always known, becomes larger and larger if it is inscribed, 
or smaller and smaller if it is circumscribed. Thus, whether it is in- 
scribed or circumscribed, the polygon approaches the area of the cir- 
cle. The difference between the circle and the polygon can be made as 

small as one desires, and thus a good approximation of the area of a 
circle can be determined. Archimedes was undoubtedly a genius in 
mathematics, and his influence on the subsequent history of mathe- 
matics was deep and lasting in both the Middle Ages and Renaissance. 


mathematician of the 
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n mathematical treatises have been attributed to 
e verge (i. c. 200 s.C.}, only two have survived, one of 
$ “A momentous importance, the Treatise on Conic Sections. In 

a oHonius gives a thorough treatment of conic sections, to 
ene the names of ellipse, parabola, and hyperbola. His trea- 


> long with the works of Archimedes, would prove crucial in the 
tise, al 


mathematics of the Renaissance, as well as in the application of 
mathematics to physics, astronomy, and mechanics. 


Astronomy 


Socratic phase, Greek astronomy was based on broad 
Be ocd descriptions of the celestial region or on the nature of 
a arth: what is its shape, position, source of support, and relation 
ner celestial bodies. Thales, for example believed that the earth 
Sins in one position because it is supported by water, whereas 
Anaximander argued that the earth remains in the center of every- 
thing because it is equidistant from everything and has no inclination 
to move in one direction than in another; it therefore remains mo- 
tionless in the center of the world. Anaximenes believed that the earth 
rests on air, which he regarded as the basic substance out of which all 
things were made. The Pythagoreans regarded the earth as a sphere 
but, in a radical departure from their predecessors and contempo- 
rarles, removed the earth from its central position and located it 
among the celestial bodies. Like all celestial bodies, the earth was said 
to move in a circle around a central fire, which was regarded as the 
hearth of the universe. The central fire is not observable from our 
earth, because a counter-earth, which also moves around the central 
fire, lies between the two. We cannot see the counter-earth because we 
live on the hemisphere that faces away from it. The Pythagoreans also 
insisted on the divinity of the celestial region and of all its planets | and 
stars. With the possible exception of the Greek atomists, the divinity 
of the celestial bodies became a standard feature of ancient Greek as- 
tronomical thought. È 
In this early period of the fifth century B.C., astronomical observa- 
tions were made and data compiled that were used to construct a cal- 
endar. In the latter part of the fifth century ».c., a body of astronomical 
observations and ideas were developed on which subsequent as- 
tronomers could draw. It was used to help resolve calendrical prob- 
lems. The Greeks had a lunar calendar but sought to keep their lunar 
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calendar in step with the solar year. Since the solar year is lon, 
the lunar year, it was necessary to intercalate months to bring the ty 
into close agreement. Meton and Euctemon were two Athenian 
fronomers who made their major contributions around 430 a.e, 
former suggesting a nineteen-year solar cycle containing 235 Juna 
equality of the four 


of many worlds and perhaps even an infinity of worlds. According ty 


their interpretation, we live in a universe in which the atoms of some 


worlds are in process of dissociating and bringing those worlds to an 
end, while other atoms are in process of coming together and form. 
ing new worlds that will in the far distant future also pass away. This 
is probably the first time in the history of astronomical and cosmo: 
logical thought that an infinite universe was proposed with innumer 
able worlds existing simultaneously within it. 

In Greek civilization, it was the Ppre-Socratic natural philosophers 
who may rightly be said to have begun the serious study of astron- 
omy and cosmology. These disciplines were significantly advanced 
with the appearance of Plato's Academy and the mathematicians and 
astronomers who were drawn to it. Plato sought to deemphasize the 
gathering of observational data in astronomy and to replace that quest 
with mathematical astronomy. That is, he sought to represent astro- 
nomical motions mathematically, believing that was the true path to 
genuine knowledge about the celestial motions. Later writers report 
that Plato posed the following question to students of astronomy: “By 
the assumption of what uniform and orderly motions can the appar- 
ent motions of the planets be accounted for?” (Lloyd 1970, 84). This 
application of mathematics to account for the apparent motions of the 
planets “by uniform and orderly motions” came to be called “saving 
the phenomena.” These motions were almost always assumed to be 
circular. As G.E.R. Lloyd has expressed it, “The problem could he re- 
phrased, then, as being how to combine various uniform circular mo- 
tions in such a way that their resultant corresponds to the observed 
movements of the planets” (Lloyd 1970, 85). This was the basic ap- 


On fo 
mention these two proponents of Greek ati mism and an infinite uni. 


verse and to explain that they believed in the simultaneous existence 
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t technical astronomers followed from the time of Plato to 
mernih SRA ingly ii lar motions of 
effort to represent the seemingly irregu J 

Bates, uniform circular motions began at Plato's Academy 
pee, jomical system proposed by Eudoxus of Cnidus (c. 
pe a one of the greatest mathematicians and astronomers 
a Be may have been the first to present the substantive 
hots V; VI, and XII of Euclid’s Elements, His great contri- 
fast of ae however, was to represent the planetary motions 
oa Ben of homocentric spheres—that is, a system of concentric 


ieee i d to lie at the center. By Eudoxus’ 
tles i the earth is assume: 1 à 
time, i ae had identified four major motions with which each 


i usly. Eudoxus’ objective, and that of all as- 

ae hee RET a PA system, based 

e inations of circular motions, that would represent the four si- 

aaa Paean and thus locate the planets’ celestial positions as 

ey as possible. The four motions with which each planet 
accul 


moved are as follows: 


L a daily motion from east to west 

2 a motion around the zodiac from west to east f , 

3. stations and retrogradations, that is, each planet seems to stop its Sr 
motion and remain stationary for a certain period and then begin are a 
grade motion in the opposite direction for a certain time, before again mor 
ing in its regular west-to-east direction > 

4, changes in latitude, that is, changes in a planet’s north-south location, 
where it is sometimes higher in the sky and at other times lower. 


During the Hellenistic period and down to the time of Se 
Ptolemy in the second century A.D., Greek astronomers bee a f- 
ferent ways of “saving the phenomena”; that is, they devised iffer- 
ent combinations of rotating circles to represent the four basic PET 
and then, from those motions derived the positional relations of eacl 
planet with respect to the earth. At least four major configurations a 
distinguishable. To illustrate their differences, each will be represente 

f a characteristic diagram. ; 
eae of these was Baden system of homocentric mir 
in the fourth century B.C., which is represented in Figure 3.2. Marshal 
Clagett, from whose book this figure is taken, explains the significance 
of each of the four spheres as follows: 
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(1) 


Figure 3.2. Eudoxus’ system of homocentric 


spheres as applied to a si 
poner single planet. (Clagett 


Eudoxus assumed a total of twenty-seven spheres for all the Planets: 


three for the sun; three for the moon; four for each of the other five plan- 
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as fora total of twenty; and one sphere for the daily rotation of the 
penvens. His homocentric system was founded on inadequate obser- 
ation. Like all other Greek astronomers, Eudoxus did not treat the 
“isnetary motions as part of a single celestial system. Rather, he de- 
ribed the motions of each planet as independent of all other plane- 
‘ary spheres. Among some of its major deficiencies, the homocentric 
tem did not allow for variations of planetary distances from the 
garth, a phenomenon that was discovered later from the observed vari- 
ability of brightness for each planet, and it failed to explain the in- 
lity of the seasons. Nevertheless, Eudoxus’ system remained 
popular, and a few later astronomers sought to improve it. But Eudoxus 
and his successors were in agreement that their homocentric spheres 
were purely mathematical constructions without physical reality. Their 
efforts were solely intended to account for the positions of the planets, 
without any claims of actually depicting the physical cosmos. 
it was Aristotle who converted Eudoxus’ mathematical system into 
a physical system of the world. Aristotle integrated Eudoxus’ separate 
sets of planetary spheres into a single system of concentric spheres, 
ranging from the outermost celestial sphere of the fixed stars to the 
innermost sphere involved in the moon's motion. Although the total 
number of spheres Aristotle intended to incorporate into his system 
is in dispute—the number ranges from forty-nine to fifty-five—it is 
clear that Aristotle assumed that all the spheres were in contact. This 
was a necessary move, because Aristotle firmly believed that all mo- 
tions in the world begin with the outermost sphere of the fixed stars 
and are transmitted successively down to the region below the 
moon—that is, to the earth where these motions affect all living things. 
There were many problems with Aristotle’s system of physical con- 
centric spheres, one of the most important being its unsuccessful at- 
tempt to explain how the effects of celestial motions could be properly 
transmitted to the earth by means of the mechanisms he employed. 
The problem was that if all the spheres were in contact, each sphere 
would be affected by the motions of all the spheres above it. For ex- 
ample, the motion of the innermost sphere of Saturn’s four spheres 
would impinge on the motion of the outermost sphere of Jupiter’s 
four spheres. To resolve this problem, Aristotle assigned what he 
called “unrolling” spheres to prevent the motions of a superior planet 
from affecting the motions of the spheres belonging to the planet im- 
mediately below it. Thus, to Saturn's four spheres Aristotle added 
three unrolling spheres, which moved in the opposite direction of Sat- 
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urn’s second, third, and fourth spheres. By this means, Aristo, 

of all of Saturn's spheres except the 
ily motion, In tha 
affected onh 


to all the other planets in descending order. 
Aristotle's system was an astronomical failure but a huge physical 


As better observations became available, Greek astronomers Moved 
away from homocentric spheres to other combinations of uniform cir- 
cular motions. Whatever combinations of circles Greek astronomers 
used to represent planetary motions, they were agreed that their sole 


objective was to “save” the astronomical phenomena as accurately ag 


great Claudius Ptolemy in the second century A.D., a work that was 
not surpassed until the sixteenth century, when Copernicus published 
his monumental treatise. 

Following the time of Eudoxus, Greek mathematical astronomers 
Proposed at least three major geometrical schemes based on different 
combinations of uniform, circular motions, All of these are found in 
Claudius Ptolemy's Mathematical Syntaxis, composed in the second 
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Figure 3.3. Ptolemy observes the stars using a quadrant, From Gregor Reisch’s Margarita 
Philosophica. (Basel, 1517. Courtesy Lilly Library, Indiana University, Bloomington.) 


earth, and C is the center of O, the sun’s circular path. The advantage 
Of this system was that it could represent the varying speeds of plan- 
ets; that is, planets are observed to move slower when they are farther 
from the earth and quicker when closer to the earth. 

The second basic astronomical model was the “epicycle on a defer- 
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o 


Figure 3.4. Eccentric circle showing 
the motion of the sun around the 
earth. in this model, the earth does 


not lie at the center. (Ci 
a (Clagett 1957, 


D 
—— 


Figure 3.5. Epicycle on a def- 
erent circle showing the motion 
of the sun around the earth, 
(Clagett 1957, 94.) 


ent.” Here the earth was again located in the 4 
varying distances from the earth were now ENT 
% ci o A Salles oe which it rotated. The large circle 
nt, or the “bearing circle,” an j 
moved around the circumference of ts aloe ee 
epicycle, or a circle on a circle. In Figure 3.5, the earth, E, i Hh a 
ter of the deferent circle, D; the sun, S, moe, around G, A 
Bema The epicycle, in turn, moves around the circumference of 
» In this way, the sun's distance from the earth varied just as in the 
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Figure 3.6. The equant model proposed by Ptolemy. (Lind- 
berg 1992, 102.) 


eccentric system. Indeed, the equivalence of the two systems may 
fave been shown first by Apollonius of Perga in the third century B.C. 
In his Almagest, Ptolemy opted to represent the sun's motion by the 
eccentric model rather than the epicycle on a deferent, and gave as his 
reason the greater simplicity of using one circle rather than two, thus 
emphasizing the paramount Greek desire to represent natural phe- 
nomena in the simplest mathematical way. 

The third model did not appear until the second century a.D. when 
Ptolemy proposed it in his Almagest. It proved to be a further refine- 
ment of the eccentric system, to which Ptolemy added what he called 
an“equant” point, with respect to which a planet moves with equal an- 
gles in equal times. In Figure 3.6, the equant point is located at Q. A 
planet moves with equal angles in equal times with respect to point Q 
and not with respect to points C (the center of the circle) or E (the earth). 

As significant as were the advances in Greek mathematical astron- 
omy in the Hellenistic period and later, there were other noteworthy 
contributions to astronomy in that same period. Apart from the fur- 
ther development of observational astronomy, to which Hipparchus 
of Nicaea (d. after 127 B.c.) made important contributions, a few Greek 
astronomers proposed daring new cosmological schemes. Already in 
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the fourth century s.c., Heraclides of Pontus (c. 390-d. after 339 gy 
a pupil of Plato, proposed, perhaps for the first time, that the earth 
tates daily on its axis. Despite the fact that Heraclides’ proposal fai 
to gain much support, Aristarchus of Samos (c. 310-230 B.c.), 
the greatest mathematicians of antiquity, proposed the first kno 
version of the heliocentric hypothesis some 1,700 years 


Nicholas Copernicus proclaimed it. Indeed, Aristarchus has often. 


been called the Copernicus of antiquity. 

Aristarchus’ achievement is known to us from later writers, such as 
Archimedes and Plutarch (c. 100 a.p.), who tell us that Aristarchus. 
proposed that the sun rests at the center of our cosmos and that the 
earth moves around the sun while rotating daily on its axis. However, 
the heliocentric system gained only one known supporter: Seleucus 
the Babylonian (c. 150 B.c.). The greatest figures of Greek astronomy=— 
especially Hipparchus and Ptolemy—rejected it, and it was therefore 
never seriously considered until Copernicus proposed it as the true 
system of the world in his great work of 1543, On the Revolutions of the 
Heavenly Spheres. 


Mechanics and Optics 


The Greeks began the development of mechanics in the fourth cen- 
tury s.c., with contributions made by Aristotle and Archytas of Tar- 
entum (fl. c. 375 B.c.). Indeed a treatise titled Mechanics has been. 
ascribed to Aristotle, although it was more likely written by Strato of 
Lampsacus (d. c. 268 8.c.), one of Aristotle’s successors at the Lyceum. 
The most significant contributors to mechanics in the Hellenistic pe 
riod were Euclid and Archimedes. Euclid composed a Treatise on the 
Balance in which he proved the law of the lever geometrically, as did 
Archimedes in On the Equilibrium of Planes. In treating weights geo- 
metrically, Archimedes introduced a level of abstraction that had not 
been previously achieved. The same level of abstraction characterizes 
On Floating Bodies. In Proposition 7 of this work, we find the famous 
“principle of Archimedes,” that “the solid will, when weighed in the 
fluid, be lighter than its weight in air by the weight of the fluid dis- 
placed” (Clagett 1957, 75). 

During the third century B.C., treatises on mechanics were also writ- 
ten by two other significant authors, namely Ctesibius (fl. 270 8.c.) and 
Philo of Byzantium (fl. c. 250 B.c.). As with medicine and astronomy, 
the most comprehensive treatise on mechanics that has survived from 
the ancient world was composed after the Hellenistic period, in the 
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A.D, during the period of the Roman Empire. The trea- 
s titled Mechanics and its author was Hero of Alexandria (f. 

Among numerous contributions, Hero describes the five sim- 

Dinos "whee! and axle, the lever, a system of pulleys, the 
a and the screw”—and also applies the principle of the lever to 
ent lever (Clagett 1957, 76). Among numerous other treatises, 
ro wrote the Pneumatics, in which he includes discussions and ex- 
; ts about vacuum, air pressure, and water pressure. Hero was 
only expert at mechanics but also a fine mathematician. x 
Geometric optics were usually treated separately from theories of 
vision, but the two were nevertheless interrelated, because even in 
; etrical optics one had to base the geometry on some kind of vi- 
on theory. Here again, Euclid plays a major role, having written Opt- 
jcs, a treatise that is almost wholly geometrical, with little concern for 
theories of vision. Euclid used the law of reflection in one of his proofs, 
although that law had already been known to the Greeks a century or 
sobefore. As for theories of vision, Euclid largely ignored them. David 
Lindberg, the aknowledged authority on ancient and medieval optics, 
observes that “if you were willing to confine yourself to that which 
could be addressed geometrically, Euclid’s theory was a brilliant 
achievement; if you were interested in any of the nongeometrical fea- 
tures of vision, Euclid’s theory was next to useless” (Lindberg 1992, 
106). 

Claudius Ptolemy, who, as we saw, was the author of the greatest 
astronomical work of this period, also wrote the greatest optical trea- 
tise in antiquity. Thus once again, the greatest treatise in a scientific 
subject was composed during the Roman Empire, a period that has 
often been misleadingly characterized as weak in science. Ptolemy's 
Optics is not only highly mathematical but also experimental. Ptolemy 
used Euclid’s law of reflection but went far beyond with a theory of 
refraction. According to Lindberg, Ptolemy “passed on to future gen- 
etations a thorough understanding of the basic principles of refrac- 
tion, a clear and persuasive example of experimental investigation, 
and an important body of quantitative data” (Lindberg 1992, 108). 


GREEK SCIENCE IN THE ROMAN EMPIRE TO THE 
SIXTH CENTURY A.D. 


The achievements of the Greeks in science during the four or five 
centuries prior to the advent of the Roman Empire and Christianity 
are truly impressive. As we saw, the Greeks laid the basis for the life 


84 Science and Religion, 400 s.c. to a.D. 1550 


sciences (medicine and biology) and the exact sci 
astronomy, mechanics, and optics). With the nee ei 
Empire from the first to the sixth centuries, Greek science : 
to record significant accomplishments that were on apar with mal 
achievements of their predecessors in the Hellenistic period, a 
already mentioned Claudius Ptolemy and Galen (c. A.p. eae b 
two of the greatest scientists of the ancient world. We have ; 
Ptolemy composed the greatest astronomical and optical core 
ans 


tiquity, and that Galen was the greatest physician and medical writer 


in the ancient period who left many works that sha] 

: eri ped the sub: 
history of medicine. But there were other significant contribu t ef 
the advancement of science. p 


(b. c. A.D. 480), and Simplicius (c. A.D. 500-d. after 
authors—Pappus, Theon, Proclus, and A e 
taries on one or more books of Euclid’s Elements. They not only fe 
mented on Euclid but also added their own mathematical thei i 
and ideas. Nicomachus of Gerasa and Diophantus of Nea 
wrote treatises on arithmetic: Nicomachus’ titled Introduction to Arite 
metic, and Diophantus’ treatise bearing the title Arithmetic. Nic 
machus’ Introduction is of little significance in its own right but wad 
used as the basis of an important Latin work, Arithmetic, by Boethius 
in the late fifth century, which played a very important role in me- 
dieval mathematics. Diophantus extended considerably the earli 
more primitive, algebraic analysis that had been used in geometry. He 
introduced, apparently for the first time, algebraic notation and a si 
for the unknown. Clagett informs us that “Diophantus easily solved 
quadratic equations (involving the unknown Squared) and in one 
cial case a cubic equation. His name is stil] connected with the a 
tion of what are called indeterminate equations. There can be little 
doubt that Greek mathematical genius was still burning brightly at 
the time of e EN, (Clagett 1957, 117). Aus 
Other significant contributors to mathematics duri 
Empire could be cited, but Pappus of Alexandria, Scone ae 
century after Diophantus, deserves special mention. In addition to his 
commentaries on Euclid’s Elements and Ptolemy's Almagest, Pappus’ 
most important contribution was the Mathematical Collection in nich 
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euded many important ancient mathematical problems and gave 

s to those proposed by previous mathematicians. The 
jon is, therefore, of great historical significance. But more than 
it, Pappus often made improvements on these proofs. Sir Thomas 
Heath says of Pappus’ Mathematical Collection: “Without pretending to 

eat originality, the whole work shows, on the part of the author, a 
p of all the subjects treated, independence of judgement, 


7 
yhorou; sh gras] 

acy of technique; the style is terse and clear; in short, Pappus 
stands out as an. accomplished and versatile mathematician, a worthy 
epresentative of the classical Greek geometry” (Heath 1921, 2:358; see 


also Clagett 1957, 118). 

Just as Greek astronomy reached its apogee with Ptolemy's 
Almagest, Greek medicine also reached its greatest heights in the sec- 
ond century A.D., with the medical treatises of Galen of Pergamum 
(a.b: 129-d. c. 200; see Figure 3.7). Galen studied philosophy and 
mathematics before pursuing medicine as a career. He studied and 
practiced medicine in a number of cities of the ancient world, includ- 
ing Pergamum, Alexandria, and Rome. He wrote an incredible num- 
ber of treatises, which fill more than twenty volumes in modern 


editions. 

Galen firmly believed that philosophy is an essential part of med- 
ical education and even expounded that idea in a treatise, That the Best 
Doctor is also a Philosopher. Indeed, he is said to have composed some 
twenty commentaries on Aristotle’s logical works. As a physician, 
Galen may be considered a general follower of Hippocratic medicine. 
He firmly believed that the basis of medicine is clinical observation 
and the evidence of the senses. Although other great physicians fol- 
lowed Galen—especially Avicenna (Ibn Sina) and Al-Razi (Rhazes, as 
he was known in Latin), two great Islamic physicians—it was largely 
Galen’s ideas about anatomy and physiology that were dominant in 
medicine until the seventeenth century. Galen carried out vivisections 
on animals, especially barbary apes. In one of his best-known works, 
On the Natural Faculties, Galen includes reports of a few of his vivi- 
sections. By his day, Roman authorities forbade human dissections 
and vivisections, so Galen did the next best thing and used living an- 
imals. In On the Natural Faculties, he describes his experiment show- 
ing that in a living animal the flow of urine from the kidney to the 
bladder is irreversible; he later describes how he investigated the di- 
gestive processes in pigs, to whom he fed a liquid mixture of wheaten 
flour and water. After three or four hours, he cut them open and ex- 


Figure 3.7. Galen, physician and philosopher. (Wellcome Library, London.) 
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- the state of the food in their stomachs (Cohen and Drabkin 
7 480483). Galen did even more experimental dissection and vivi- 
ection on animals in On Anatomical Procedures. In that treatise, Galen 
“Jeo stressed the importance of knowledge of the parts of the body. 
shat could be more useful,” he declares, “to a physician for the treat- 
ment of war-wounds, for extraction of missiles, for excision of 
...than to know accurately all the parts of the arms and 
,.. If a man is ignorant of the position of a vital nerve, muscle, 
artery, or important vein, he is more likely to be responsible for the 
death, than for the saving, of his patients” (Lloyd 1973, 151). 

Galen’s approach to medicine was greatly influenced by his con- 

viction that the world is teleological; that is, everything exists for a 

Ina treatise titled On the Use of Parts, Galen explains the pur- 
pose and function of each part of the body. He seems to have believed 
in a creator and may have been influenced by the mystery religions 
of his day, which were spread across the Roman Empire, as we see 
from this passage in On the Use of Parts, where Galen describes his 
treatise as “a sacred book which I compose as a true hymn to him who 
created us: for I believe that true piety consists not in sacrificing many 
hecatombs of oxen to him or burning cassia and every kind of 
unguent, but in discovering first myself, and then showing to the rest 
of mankind, his wisdom, his power and his goodness” (Lloyd 1973, 
151). 

From the above account, it is obvious that Greek science was still a 
vibrant force in the Roman Empire. Greeks who lived in that empire 
and were interested in science and natural philosophy drew upon the 
achievements of their predecessors and in a number of significant in- 
stances even added to that legacy. During that same period, how- 
ever—say, from Caesar Augustus in the first century a.D. to the end 
of the sixth century 4.D.—significant changes took place that affected 
the status of science in Greco-Roman civilization. 

Those who engaged in science and contributed to its development 
in one field or another during the ancient period constituted a small 
group with relatively little influence. Scientific subjects and ideas were 
undoubtedly discussed in famous philosophical schools—Plato’s 
Academy and Aristotle’s Lyceum, for example—and medical schools 
scattered in various cities of the Greek world. But these were not akin 
to modern scientific research institutions. Although some scientists 
and natural philosophers were in direct contact at this or that school, 
most contributors to science worked alone and learned their science 
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£ . They incorporated old knowledge into certain literary 
that were conducive to its preservation. To achieve this, two 
genres were developed: the handbook and the commentary. 


The Handbook 


‘The handbook tradition in science and natural philosophy was 
“aided by the fact that, already in the fourth century B.C., Greeks began 
writing histories of different sciences and thus summarizing the 
achievements of some of the great mathematicians, astronomers, 
mechanicians, and physicians. Eudemus of Rhodes (fl. second half of 
fourth century ».C.), one of Aristotle's pupils, may have been the first 
to write such histories. Three have been attributed to him: a History of 
Arithmetic, a History of Geometry, and a History of Astronomy. None of 
these works has survived, but because later writers used them, the 
ideas and thoughts have been preserved. Our knowledge of early 
geometry and astronomy derives largely from Eudemus’ historical 
works. Such treatises were not intended as vehicles for original sci- 
entific contributions, but rather to record, and perhaps describe, those 
that had already been made. It was probably a relatively easy transi- 
tion from historical work to compendious handbook. The purpose of 
ahistory was not only to record what had happened in a given disci- 
pline or science, but also to popularize and disseminate knowledge to 
those who were interested in scientific subjects but might not have 
been capable of understanding the technical proofs and arguments in 
a rigorous, original scientific treatise in mathematics or astronomy, for 


of and Othe, 
and political upheaval t 
of contributors to sci 
verse with colleagues if they” 


on ancient science, we should not thin’ 
3 eps. 2 p 
a ee and facilities, or of scientists who could fa ial 
eir research and communicate with each other almost at a ps 


example. 
Indeed, Aristotle, Eudemus’ teacher, may have played a significant 


SR sole in the handbook movement. The early histories of subjects in sci- 
e Roman Empire. There ence and natural philosophy were of great interest to him. Gatherin; 

P may have been a number of causes for this, data on many subjects Tid Onan it for easy dissemination ae 

a regular activity at Aristotle’s Lyceum. Aristotle undoubtedly in- 

spired his successor at the Lyceum, Theophrastus (c. 371-287 B.c.), 

who was a prolific author, especially in botany, a subject in which he 

was regarded as the fundamental authority until the sixteenth century. 


ats ae Ze pi Aristotle and of virtually all Greek scien- 
% at Philosophers. This drivi 2 
for its own sake lost its impetus ari te, sorte to seek knowledge Hundreds of treatises have been attributed to him, but the one that is 
Placed it was a desire to preserve knowled gta Empire. What re- most relevant for the handbook tradition is his Physical Opinions, a 
Scholars tended to Tepeat what they eames Seuan expand it, work of eighteen books. However, like most ancient works, it is lost. 
m the past, especially Fortunately, it was used so frequently by later compilers that scholars 


the words and thou; 7 
ights of great figu; x 4 
‘ures, such as Euclid, Aristotle, and have been able to reconstruct the first and eighteenth books and to ob- 
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tain a good idea of the subject matter and content of the Temainir 
books. Thus, Theophrastus’ Physical Opinions played the role of 
typical handbook of the Hellenistic perio 
formation and was used for many centuries until well into the 


Roman Empire. But Theophrasus was only one source of many, Theri 


were handbooks on astronomy, arithmetic, geometry, botany, zoology, 
and many other topics. 4 

Whether a handbook was written in the first century B.C. or in the 
fourth century a.D., it usually reflected the science of a much earlier 
time, often the first two centuries of the Hellenistic period. Once the 


handbook tradition took root, the body of information that was trans- 
mitted from one handbook author to another through the centuries 


tended to remain fairly constant. There were of course additions and 
deletions, but the main body of handbook knowledge had become 
rather ossified. 

By the time the Romans ruled the lands around the Mediterranean 
Sea and came into regular contact with Greek learning, the handbook 
tradition was the major source of scientific and philosophical know}- 
edge. The Romans found that format utterly congenial, as is evident 
from the numerous handbooks that have survived and from the titles 
of many that did not. They seem to have ranged over most topics 
(Stahl 1962, 66-67). 

With the exception of those Romans who learned Greek and might 
have read Greek science from the original works, Roman acquain- 
tance with Greek science was almost wholly by means of handbooks 
that were translated from Greek into Latin. Few treatises actually 
composed in Greek by Greek scientists and natural philosophers 
were translated into Latin. If the basic ideas of such Greek treatises 
became available it was by means of handbook summaries in Latin, 
which were usually translations from Greek handbooks, to which 
Latin authors might add what they wished. Although Latin hand- 
book authors frequently cited the names of great Greek scientists, 
such as Eudoxus, Archimedes, Euclid, Ptolemy, and others, they did 
not read those treatises and probably never even saw them. It was 
customary to pretend that one was familiar with the treatises cited, 
but that was rare indeed. 

At first, in the second and first centuries B.c., the Romans wrote en- 
cyclopedic treatises based on Greek handbooks. The first of these was 
by Cato the Elder (234-149 B.c.), who wrote on many topics but was 
a traditional Roman who was very hostile to Greek learning. Marcus 


widely disseminated 
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stius Varro (116-27 B.C.) was perhaps the most prolific Roman en- 
sdist. He wrote a treatise titled The Nine Books of Disciplines, in 
y sents the Greek liberal arts of rhetoric, grammar, and di- 
which came to be known as the trivium, and arithmetic, geom- 
astronomy, and music, which came to be known as the 
i iun. The trivium and quadrivium would become the basis of 
ss in the early Middle Ages. For although Varro’s Nine Books 
X ines is lost, borrowings from it were so extensive that sub- 
‘stantial portions of his legacy were preserved and proved influential 
in the early Middle Ages. Although others might be mentioned, Titus 
Lucretius Carus (c. 95-55 B.c.), or Lucretius, is one of the last of the 
encyclopedists of the Republican era of Rome. Lucretius is of impor- 
tance because he followed the atomic theory of Epicurus in compos- 
ing his famous treatise, On the Nature of Things (De rerum natura). Like 
Epicurus and other atomists, Lucretius believed that the universe is 
uncreated and contains an infinite number of worlds, a doctrine that 
most Christians would find objectionable. When it drew attention, Lu- 
cretius’ treatise was always regarded with hostility by Christian nat- 
ural philosophers. Because of its unacceptable cosmology, his work 
did not play any significant role in the Latin West until the Renais- 
e. 

Poig the Roman Empire period, there were numerous compila- 
tions of science information. Marcus Vitruvius Pollio (first century 
#.c.), known as Vitruvius, wrote the famous treatise On Architecture; 
Aulus Cornelius Celsus (fl. c. A.D. 25) produced On Medicine, an im- 
portant source of information on the history of Greek medicine; Lu- 
cius Annaeus Seneca (c. 4 B.C.—A.D. 65) wrote Natural Questions, a 
treatise on physical geography and meteorology, subjects Aristotle 
considered in his Meteorology but that Seneca never read. Like so many 
other Roman writers on this subject, however, Seneca may have de- 
tived much of his information from Posidonius (c. 135-c. 51 B.c.), a 
Greek philosopher who wrote on many topics, including geology, me- 
teorology, and geography and who relied on Aristotle, especially in 
meteorology. Seneca’s Natural Questions was quite influential during 
the Middle Ages. But even more influential was Gaius Plinius Secun- 
dus {c. a.D. 23-79), or Pliny, as he was known. 

Pliny was probably the most unusual author in the ancient world. 
He wrote a lengthy treatise titled Natural History in thirty-seven books. 
William Stahl captures Pliny's prodigious energy for scholarship in 
these words: 
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Pliny used to arise at 1 or 2 A.M., sometimes at midnight, to begin his schok 
arly researches. If need be, he could drop off to sleep in a moment and at opa 
resume his studies upon awakening. He began his round of official duties bye 
fore dawn, making his call upon the emperor Vespasian, who also madea 
practice of working at night. By noon these official duties were complets 
and he was back at home. After a light lunch and a brief nap, or perhaps a 
test in the sun, while making notes or extracts from a book that was read to 
him, he toak a cold plunge bath, perhaps another nap or snack, and then way 
ready to return to his studies in earnest. No book passed through his handy 
without his excerpting from it; he maintained that none was so bad it did lot 
have something of value. He worked until dinner; even during the meala. 
book was read to him and an amanuensis marked passages for copying. Ont 
when a dinner guest chided the secretary for mispronouncing a word, Pli 
rebuked the guest for losing ten lines by the interruption. During stays at his 
country villa Pliny devoted all his time to study. Only the time he was actu. 
ally immersed in the bath was lost to scholarship, for while he was being 
rubbed down and dried a book was read to him or he dictated notes. On trips 
in winter his secretary was by his side in the sedan chair, wearing gloves so 
that the cold weather would not interfere with reading and note taking, (Stahl 
1962, 102-103) 


By such dedication to scholarship, Pliny produced his remarkable 
Natural History. After presenting a table of contents in the first book, 
Pliny devotes the second book to a summary of astronomical knowl- 
edge. The next four books are devoted to geography with the seventh 
concerned with man and his inventions. Books VIII to XI describe all 
kinds of real and imaginary animals. Botany forms the subject of 
Books XII-XIX, with medicines made from plants forming the theme 
of Books XX-XXVII. Medicines made from man and animals are con- 
sidered in Books XXVIII-XXXI. Aquatic animals and their properties 
are treated in Book XXXII. The last five books (XXXIII-XXXVII) are 
concerned with metallurgy, plants, and gems (Clagett 1957, 110-111). 
Pliny’s overall plan, which he did not rigorously follow, was to pro- 
ceed from the cosmos to the earth and from the earth to the things on 
it, namely animals, vegetables, and minerals. In the preface, Pliny con- 
veys something of the massive character of his treatise when he ex- 
plains that he has used 100 principal authors from whom he has 
gathered 20,000 basic facts for his book. Modern scholars have 
counted 473 authors (373 may have been of secondary importance) 
and 34,707 facts. Whatever the number, Pliny’s Natural History is a vast 
storehouse of factual information about our world, even though much 
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be unreliable, since Pliny simply copied his facts from what- 
of oes were available to him. Pliny’s influence, however, was 
AN mous. Natural History was a major source of scientific informa- 
‘yan during the Middle Ages. Others who wrote Latin handbooks and 
sai jpedic treatises are more appropriately mentioned under the 


early Middle Ages. 


The Commentary 


During the Roman Empire and into the early Middle Ages, the over- 
whelming manner in which information about science was dissemi- 
nated was unquestionably the handbook, or encyclopedia. But 
another significant form of literature also emerged during the Hel- 
lenistic period and eventually surpassed the handbook as the domi- 
fant mode of scientific dissemination. This was the commentary on a 
Se R to the handbook, commentaries focused on a specific text 
father than presenting a wide range of information on numerous top- 
ics, The commentator’s objective was to explain the meaning of the 
text to an audience interested in the treated author and subject. The 
commentator usually proceeded through the treatise section by sec- 
tion, explaining the text of each section and perhaps adding interpre- 
tive remarks or comparing opinions of the author with those of other 
past or contemporary Greek authors. In the Middle Ages, the com- 
mentary form assumed a questioning format (see chapter 6). Com- 
mentaries demanded a higher level of analytical and expository skills 
than handbooks. The commentator usually had some knowledge of 
the subject of the text and may have been a follower or student of the 
textual author. One of the first works to be subject to commentaries 
was Euclid’s Elements. Although commentaries on that treatise were 
probably written in the second and first centuries B.C., those that are 
extant derive from the Roman Empire period, when commentaries 
were written by Hero of Alexandria, Pappus of Alexandria, and, in 
the fifth century, by Proclus, a neo-Piatonic philosopher. For the in- 
formation it contains about the history of geometry, Proclus’ com- 
mentary is easily the most significant. 

The most important commentaries for the interrelations between 
Science and religion were those on the works of Plato and Aristotle, 
composed in the centuries after the birth of Christ. The most impor- 
tant single commentary on Plato was by Calcidius, who lived in the 


94 Science and Religion, 400 a.c, to A.D, 1550 


fourth or fifth century. Calcidius translated about two-thirds of Pla 
Timaeus from Greek into Latin, adding a Latin commen: 


was a prolific author, and although most of his worl 
we do have his commentaries on PI 
enides, which, however, were not known in the Latin Midd! 

Because Aristotle is the key figure 


period came from the neo-Platonists, largely because they mistakenly 
regarded the thought of Plato and Aristotle as harmonious and sought 
to demonstrate this whenever feasible. The philosopher Porphyry (e. 
A.D. 232-d. c. 301-306), a student of Plotinus, the founder of neo- 
Platonism, was the main proponent of this tactic, which became char- 
acteristic of neo-Platonist commentators during the next few 
centuries. There were also genuine followers of Aristotle—usually 


Aphrodisias (fl. second-third century A.D.), who left commentaries on 
Aristotle's Metaphysics, Prior Analytics, and Meteorology and a few 
other treatises; and Themistius (c. A.D. 317-c. 388), who wrote com- 
mentaries on Aristotle’s Physics, On the Heavens, On the Soul, and other 
works. Both Alexander and Themistius influenced medieval Latin 
thought, largely through the Islamic natural philosopher Averroes 
(Ibn Rushd), who cited from both of their Aristotelian commentaries 


tog 
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and W 


ee f the neo-Platonic commentaries on Aristotle's 

| erg rie in the third and fourth centuries have been lost, 
AA the fifth and sixth centuries have been preserved. Two 
Eer tators from this later period had a great impact on the sub- 
e history of the influence of Aristotle's thought in Islam and the 
West during the Middle Ages: John Philoponus (fl. first half of 
ie tury A.D.) and Simplicius (c. a.p. 500-d. after 533). Philoponus 
Beachy important because he was both a Christian and neo- 
Piiale Aristotelian commentator, Unlike most Aristotelian com- 
Be iors however, Philoponus was very critical of Aristotle’s ideas 
ae lek and cosmology, some of his criticisms deriving from his 
isian beliefs. Simplicius was also a neo-Platonist commentator, 
but he defended Aristotle against Philoponus’ criticisms. A Philo- 

onus and Simplicius played significant roles in the history of science 
Ming the late Middle Ages. The quarrel between them is relevant to 
the history of science and religion and will be considered in the next 

‘tee shall see later, the commentary form of literature played a 
major role during the Latin Middle Ages, when it underwent a sig- 
nificant transformation. Now, however, it is time to bring Christianity 
into the intellectual world of the Roman Empire. 


Chapter 4 


ee 


The First Six Centuries of 
Christianity: Christian Attitudes 
toward Greek Philosophy and 
Science 


Christianity emerged at a time when numerous mystery religions had 
also come into being. Since the Hellenistic period, Greek culture had 
interacted with Near Eastern cultures. When the Romans conquered 
the lands around the Mediterranean Sea, they ruled over disparate 
peoples, some of whom lived under the primary influence of Greek 
culture, while others, farther east, lived under the influence of ancient 
Near Eastern civilizations. There was an inevitable intermingling of 
these distinct peoples, from which new religions emerged, often 
known as “mystery religions.” Many of these mystery religions were 
based on gods and goddesses from a particular region whose worship 
became internationalized as they were adopted by Roman soldiers 
and disseminated by them and other worshippers through the empire. 


THE MYSTERY RELIGIONS AND ASTROLOGY 


The gods and goddesses of the mystery religions could be found in 
many parts of the Roman Empire. Among the more popular and bet- 
ter known are the Great Mother of Phrygia, or Magna Mater in Latin; 
the Persian god Mithras, associated with the sun and open only to 
men (women were excluded from Mithraism); and the great cult of 
Isis, which transformed the Egyptian goddess into a Hellenized mys- 
tery religion in which Isis became a lunar goddess. Mystery religions 
were largely religions of salvation that promised their followers an 
immortal afterlife. They were called mystery religions because each 
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had a ceremony that was only open to those who had been initia 
into its secret rituals. “In addition to its elaborate and colorful rit 
each mystery religion had a revealed theology describing the nature 
and purposes of the gods and explaining the origin and subsequent 
history of the world and man. Each laid great emphasis upon sin and 


the necessity for purification, each preached various forms of asceti 


cism, and each promised a glorious immortality to its devotees, Fie 
nally, each religion had its recognized initiates and professional clergy 
interested in missionary activity” (Swain 1950, 471). 

One unusual mystery religion was Gnosticism, named from the 
Greek word gnosis, which means “knowledge.” It was a mixture of 
concepts drawn from other mystery religions, astrology, and various 
philosophers and philosophical sects, including Plato, the Pythagore- 
ans, and the Stoics. Included among its sacred texts was the Hermetic 
corpus, a collection of treatises attributed to the god Hermes Tris- 
megistus (“thrice-great Hermes”). It included texts in alchemy, astrol- 
ogy, physics, botany, and medicine. In this mélange of writings were 
texts on magic and mysticism. By attributing all the Hermetic treatises 
to a god, the Gnostics hoped to lend credence to the texts and to give 
them an air of authority that would discourage skeptics. Most of the 
texts relied on supernatural causation to explain natural phenomena. 

Most noteworthy about the Gnostics is the fact that they sharply 
distinguished between God and the world, urging believers to em 
brace the former and reject the latter. Thus, Gnostics rejected the phys- 
ical world as evil. “They praised poverty, celibacy, and contempt of 
the world, and they taught a mode of life by which men might free 
themselves from the temptations of the ‘flesh’ and of ‘matter’ to be- 
come ‘psychic’ or ‘spiritual’ ” (Swain 1950, 475). Gnostics believed that 
only a savior god could redeem their sins and give them immortality. 

Mystery religions were common in the Roman Empire. They came 
to share many characteristics, especially that of rebirth after death. In 
the Golden Ass by the Roman author Apuleius, an initiate of the cult 
of Isis declares: “1 approached the borderland of death and... when 
1 had been borne through all the realms of nature I returned again; at 
midnight I beheld the sun blazing with bright light; | entered the pres- 
ence of the gods below and the gods above and adored them face to 
face.” Isis then promises the initiate: “When thou shalt have run the 
course of thy life and passed to the world beneath, there too in the 
very vault below the earth thou shalt see me shining amid the dark- 
ness . . . and reigning in the secret domains . . . and thyself dwelling in 
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i of Elysium shalt faithfully adore me as thy protector” 
mpompson and Johnson 1937, 21). N ; 
‘The mystery religions drastically altered the religious complexion 
the ancient world. They affected both ordinary people and intel- 
als. For a segment of the intellectual class, however, philosophi- 
“gal schools, some of which had become quasi-religious organizations, 
: erved to bring religion and philosophy together. Indeed, philosophy 
jweame a rival to Christianity. Several phases in the development of 
the philosophical schools can be identified in the long course of Hel- 
{enistic-Roman history. Frederick Copleston distinguishes three such 
3 (Copleston 1960, 382-383). The first, ranging from approxi- 
mately 300 B.C. to around 50 B.C., saw the founding of the Stoic and 
Epicurean schools, which emphasized personal conduct and the at- 
jainment of personal happiness. From 50 B.C. to around A.D. 250, the 
Greco-Egyptian city of Alexandria played a significant role. There 
filosophical schools returned to a kind of philosophical orthodoxy 
by emphasizing the thoughts and ideas of their founding masters. Be- 
cause some of the masters, such as Aristotle and Plato, had some in- 
terest in science, this interest was reflected in the writings of their 
followers. But along with this more rational interest, there was a 
strong trend toward religious mysticism. The neo-Pythagorean school, 
for example, incorporated religious mysticism into its philosophical 
speculations. 2 

The third and most important phase, covering the period from 
around A.D. 250 to approximately a.p. 650, and the most relevant for 
Christianity, was the rise of the neo-Platonic school of philosophy. The 
founder of neo-Platonism and the neo-Platonic school of philosophy 
was Plotinus (c. A.D. 204-270), who was probably born in Egypt, stud- 
ied philosophy at Alexandria, and eventually taught in Rome, where 
he settled around 243. His writings were brought together in a trea- 
tise titled Enneads, so titled because the six books that comprised it 
each contained nine tracts. 

For Plotinus, God, a transcendent being called the One, is beyond 
all being of which we can have any experience. God is beyond all dis- 
tinctions. Moreover, God does not engage in thought or in any acts of 
the will. No positive attributes can be assigned to the One because to 
do so would be to delimit and particularize God. God is absolutely 
unchangeable and omnipresent. And yet the world emanates from 
‘him by necessity. God does not will the world to emerge, because that 
would imply change in God. The things that emanate from God do 


100 Science and Religion, 400 s.c. to a.D. 1550 


not diminish him in any way whatsoever. Indeed, he is UNAWare of 
these emanations. The first emanation from God is Mind or Thoughy 
(nous), which is eternal and beyond time. From Mind or Thought em 
anates the Soul, akin to Plato’s World Soul, and from Soul emanate jn. 
dividual souls. In Plotinus’ philosophy, as in Plato's, the soul exi 
before its union with the body and will survive after the death of the 
body in a state of immortality. The material world is the last emana 
tion and lies below the soul. Plotinus regards matter as the antithesis 
of the One, the last gasp of the emanation process. In the eyes of Ploy. 
inus, the material world has no positive qualities; indeed, it is utterly 
negative. 

If philosophers reflect on the great truths of philosophy, they can 
prepare themselves for a mystical union with the One, which, for Plot- 
inus, is the ultimate goal of philosophical reflection and study. Ak 
though Plotinus had essentially constructed a religion, he did not 
include any religious practices or rites, nor did he call for prayers or 
sacraments. Plotinus’ philosophy was given a great boost by Porphyry 
of Tyre, a disciple who had studied with Plotinus for eleven years, 
Porphyry emphasized the religious side of philosophy, insisting that 
the ultimate aim of philosophy is salvation. To attain this, the soul 
must at all times seek what is higher and nobler, a process that re- 
quires ascetic practices and knowledge of God. 

In the closing centuries of the ancient, or Greco-Roman, world, neo 
Platonism was the dominant philosophy. “This final speculative effort 
of Ancient Philosophy,” Copleston explains, 


attempted to combine all the valuable elements in the philosophic and reli- 
gious doctrines of East and West in one comprehensive system, practically 
absorbing all the philosophic Schools and dominating philosophical devel- 
opment for a number of centuries, so that it cannot justifiably be overlooked 
in a history of philosophy or be relegated to the dustbin of esoteric mysti- 
cism. Moreover, Neo-Platonism exercised a great influence on Christian spec 
ulation: we have only to think of names like thase of St. Augustine and the 
Pseduo-Dionysius. (Copleston 1960, 383) 


The many members of these mystery religions and philosophical 
schools had little interest in the kind of rational discourse typified tra- 
ditionally by those who were engaged in science and natural philos- 
ophy. Occasionally, we find someone who was both a mystic and a 
rationalist, as was Iamblichus (c. A.D. 250-c. 330), a neo-Platonist born 
and raised in Syria. Iamblichus believed in mystery religions and 
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„agicand wrote a book titled On the Egyptian Mysteries. He also wrote 
the Common Mathematical Science, in which he describes the role of 
Ee emetics in science by emphasizing mathematics as the key to un- 
5 ing all natural phenomena (Lloyd 1973, 155-156). 
a ‘Associated with the mystery religions, and often incorporated 
‘wi in them, was astrology. Mithraism, for example, was heavily in- 
filtrated by astrological lore and doctrine (Lindsay 1971, 385-392), 
hat the stars and planets played a role in human affairs was widely 
iccepted in the ancient world. Astrology was an old discipline with 
roots in ancient Mesopotamia. In the second century A.D., Ptolemy, as 
we mentioned earlier, wrote not only the greatest astronomical trea- 
tise of the ancient world, the Almagest, but also authored the 
Jutrabiblos, or four-parted book, the greatest astrological treatise of the 
ancient world and still a potent force in the modern world. Although 
Ptolemy had a higher standard than his predecessors and contempo- 
raries, he believed that, based on the positions of the celestial bodies, 
predictions of events on earth, as well as of human actions, were pos- 
sible. It was Aristotle, however, who provided a theoretical basis for 
belief that celestial bodies influenced the terrestrial region. He be- 
lieved that celestial matter is incorruptible and therefore divine. It 
seemed logical to him that the incorruptible celestial ether should ex- 
ercise an influence over the corruptible and always changing terres- 
trial bodies. But Aristotle never wrote about astrology and certainly 
did not believe in astrological prognostication. He only believed that 
the celestial region influences the terrestrial region. Ptolemy not only 
accepted Aristotle’s arguments, but went further and allowed for pre- 
diction of human events. Few astrologers, however, were as cautious 
and restrained as Ptolemy. Like most people who lived in the Roman 
Empire period, these astrologers believed in the divinity of the celes- 
tial bodies and the ability of the stars and planets to act as signs, if 
not the actual causes, of human actions and physical events. 


THE TRIUMPH OF CHRISTIANITY 
IN THE ROMAN WORLD 


In the century of its birth, Christianity was only one among many 
mystery religions that vied to recruit faithful followers and disciples. 
It was a time when the old traditional gods of the Greeks and Romans 
were being abandoned in favor of the gods and goddesses that rep- 
resented the new mystery religions. Many of the beliefs that became 
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current among the mystery religions were similar to those pr 
by Christians. Many regarded the world as evil and assumed 
would eventually come to an end. They further believed that a 
deemer god would die so that they, his faithful followers, might 
eternal life. There was a widespread, and perhaps even desperate, da 
sire to form a union with a personal god that would ultimately Pros 
duce salvation and everlasting life. 

From amidst the competition of these numerous mystery religi 
Christianity emerged triumphant by the end of the fourth ceni 
A-D., when, in 392, the emperor Theodosius made it the state religion 
of the Roman Empire, while also declaring an end to pagan Worship, 
which was thereafter regarded as treason. By contrast with Islam, 
Christianity was disseminated through the Roman Empire rather 
slowly. Within 100 years after the death of Muhammad in 632, Islam 
was the dominant religion over a vast area stretching from the Straits. 
of Gibraltar to the Indus River, east of Persia. It achieved this largely 
by conquest. Traversing a wholly different path, and despite occa. 
sional persecutions, Christianity was spread in a relatively peaceful 
manner, albeit gradually. The slowness of its dissemination proved a 
boon to the new religion, because it allowed Christianity a lengthy pe- 
riod to adjust to the Roman Empire as a whole and, especially, con- 
tributed to its intellectual heritage. As a result, many educated 
Christians learned to live with Greek secular learning by recognizing 
what parts of it were actually helpful and what aspects of it to avoid 
or reject. 

One essential aspect of Christianity that was crucial in determining 
its relations with the Roman government, and all subsequent govern- 
ments, is the Christian insistence on the separation of church and 
state. This may not be surprising when one realizes that in the early 
centuries of Christianity, Christians were primarily interested in per- 
sonal salvation and entering the kingdom of heaven. Consequently, 
they focused very little on relations with the state. Their emphasis lay 
in doing their duty to the state and hoping the state did not violate 
any of their doctrines and practices. Basically they hoped the state 
would keep out of their religious affairs and leave them to worship 
and organize as they saw fit. 

The separation of church and state was not just a societal occur- 
rence. It had biblical sanction. When the Pharisees asked Jesus if it 
was lawful to pay tribute to Caesar, Jesus replied that they “Render 
therefore unto Caesar the things which are Caesar’s; and unto God 
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2 God’s” (Matt. 22:21). As a result there was, not 
EE const between the two institutions, aspects of which 

considered below. But this conflict was, in the long run, 
a significant irritant. The separation of church and state 
ae poon to Western civilization. Although the church exercised 
authority during the Middle Ages, and those who seemed to 
$ subverting ecclesiastical doctrine and articles of faith were de- 
nced as heretics and often severely punished, scholars had rea- 
sonable Jatitude to explore all sorts of issues, especially those that 
had no obvious connection with Christian doctrine. As we shall see, 
ba where God was involved in a discussion, medieval theologians 
had considerable freedom to discuss a great variety of issues, many 
of which involved an application of natural philosophy to theology 
where, often enough, the discussion involved natural philosophy 


much more than theology. 


CHRISTIANITY AND THE PAGAN 
INTELLECTUAL WORLD 


Before describing the interaction of early Christians with pagan 
philosophers, it is well to remember that the sciences and philosophy 
were often integrated in the Greco-Roman world. In the Greek philo- 
sophical tradition, philosophy was much broader than any science or 
group of sciences. But most sciences, except the exact sciences of math- 
ematics, astronomy, optics, and mechanics, were integrated within 
philosophy itself. In the Roman Empire period, the division of theo- 
retical knowledge—that is, philosophy—was based largely on Aristo- 
tle's threefold division of it, as described earlier in chapter 2: 
metaphysics, or theology, mathematics, and physics. The third, ornat- 
ural philosophy, as it came to be called, incorporated within itself 
parts of many sciences, such as cosmology, geology, geography, biol- 
ogy; chemistry, oceanography, and others that eventually became sep- 
arate sciences. Natural philosophy, with all its subdivisions and parts, 
which sometimes included medicine and metaphysics, was the fun- 
damental tool for investigating the physical universe, the same uni- 
verse that Christians also sought to understand. Thus, when I use the 
term “science,” I will usually mean natural philosophy as a whole, 
rather than any specific science. Except for the exact sciences, the term 
“natural philosophy” signifies all sciences indiscriminately. Indeed, 
during the late Middle Ages, some natural philosophers applied 
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mathematics to physical problems and thus incorporated Parts of, 
exact science into natural philosophy. p 

As Christians became more solidly established in th 
pire, their efforts to explain the universe and its workings base up 
scripture inevitably clashed with traditional Greek interpretations, 
Christians were a diverse group, and their attitudes toward, 
terpretations of, the ideas and arguments embedded in the Greek 
dition of science and Philosophy were far from monolithic, as We shall 
now see. 


e Romar 


The Attitudes of Early Christians toward Pagan Philosophy 
The Greek and Latin church fathers shaped Christian attit 


pagan philosophical legacy that varied considerably, Some 


overtly hostile to pagan philosophy and urged avoidance of pagan lit- 


erature. The most striking member of this group was probably Tertul- 
lian (c. A.D. 150-c. 225), who proclaimed: “What indeed has Athens tg 
do with Jerusalem? What concord is there between the Academy and 
the Church? What between heretics and Christians? . . - Away with all 
attempts to produce a mottled Christianity of Stoic, Platonic, and di- 
alectic composition! We want no curious disputation after possessi 
Christ Jesus, no inquisition after enjoying the gospel! With our faith we 
desire no further belief” (Tertullian n.d., 3:246). In another treatise 
(Apology, chap. 46, par. 7), Tertullian insists that “Philosophers, with 
mockery and contempt, out of hostility feign the truth and, in feign- 
ing it corrupt it, eager only for glory; Christians, both strive for the 
truth out of necessity and maintain it unspoiled, concerned for their 
salvation” (Sider 2001, 67). Tertullian also had harsh words for 
Socrates, Plato, and other Greek philosophers, and also accused them, 
as did other Christian writers, of borrowing many of their ideas from 
the Old Testament. Despite his assault on philosophy and philoso- 
phers, Tertullian was influenced by Stoic philosophy. 

Some church fathers distrusted science and philosophy and sought 
to show its weaknesses and uncertainties, as opposed to the certain- 
ties of Christian revelation. Church fathers such as Saint Basil, Tatian, 
Eusebius, and Theodoret pointed to the contradictions and silliness of 
many scientific conclusions. Typical of such skeptical expressions was 
that of Saint Basil (c. A.D. 331-379), who declared that “the wise men 


and ip f 


[mean the amalgam of natural philosophy, science, and meta- 


udes to, 
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ny works about nature, but not one account 
ied: ea and firmly established, for the later 
Eiss overthrew the preceding one” (Basil 1963, 5). 
most productive Christian attitude, however, regarded pagan 
sophy as a repository of helpful ideas for the better understand- 
Christianity itself. It was philosophy in the service of Chris- 
f Jationship that came to be called the “handmaiden 
ki in the course of subsequent history, philosophy—by which 


tined to play a significant role in shaping Christian 

ze EE g a scientific aie and outlook in the Christian 
yesults that ultimately proved extremely beneficial to Western 

SS hon. The basis of the Christian attitude toward Philosophy was 
ina even before Christians showed any concern for philoso- 
Coa had Jewish roots. For “the history of Christian Philosophy be- 
snot with a Christian but with a Jew, Philo of Alexandria, elder 


contemporary of St. Paul” (Chadwick 1970c, 137). 


ti Alexandria (c. 25 B.c.-c. A.D. 50), known also as Philo Ju- 
E a Hellenized Jew who knew and wrote in Greek, but prob- 
ably did not know Hebrew. He was well acquainted with the 
philosophy of his day, especially with the works of Plato, which 
greatly influenced him. For Philo, philosophy was essential for un- 
derstanding scripture and the higher wisdom of theology. His inter- 
est in philosophy, however, was largely guided by the kinds of 
questions that arose in his efforts to understand his faith. F 
Philo is generally regarded as the initiator of the handmaiden tra- 
dition, namely, the idea that secular disciplines, especially natural phi- 
losophy and science, should not be studied for their own sakes, but 
only to understand and explicate holy scripture and theology. This at- 
titide was subsequently adopted by many church fathers. 


The Autonomy of Nature 


A powerful force that motivated Christians to study nature was the 
sense that God had created the world as an essentially self-operating 
entity. He had endowed it with the capacity to function by its own 
laws and causes. In the second century B.c., a few Jewish authors, no- 
tably Jesus ben Sirach and Aristobulus of Alexandria, held that God 
formed nature to operate with regularity and by its own inherent 
Powers. This attitude is reflected a few centuries later in Saint Basil’s 
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fifth homily, when he declares that earth continually 
seeds, and trees, just as tops, after they are spun, wh: 
tinue to spin. It is in this same manner that the “ord 


ler of Nature, h 
d continues 
NSummation gi 


t Natural o 
a number of other occasions {see belaw for his mention. of the y 


tish migrate). We shall again meet the concept of a God-creai 
tonomous cosmos in the writings of Saint Augustine (Kaiser 
32-43). With the introduction of Aristotle’s natural philosophy into 
Christian West in the twelfth century, nature would become 


Although God created a world that he endowed with inheren; 
which enabled it to Operate in an autonomous manner, this 
mean that God would not intervene to 
time, as scripture clearly reveals. Thus, 
quest by lengthening the day and comi 
over Gibeon (Josh. 10:12-14), and he also Promised to add fifteen years 
to the life of King Hezekiah and, as a sign of His intent, moved thy 
shadow of a sundial back ten degrees (4 Kings 20:1-11). But CI hristian 
scholars understood that such deviations from the natural order Were 
rare and special. 


The Greek Church Fathers 


believed that with a few adjustments, Plato could be reconciled with 
Christ (Chadwick 1970a, 161, 162). Justin was convinced that the best 
aspects of Greek philosophy were compatible with Christianity, prob- 
ably because, like many other Christians, he thought that the best of 
Greek philosophy was borrowed from the Old Testament. Justin 
thought of himself as a Philosopher and tegarded Christianity as the 
best and truest of all Philosophies. 

Clement of Alexandria (Titus Flavius Clemens) (c. a.D. 150-c. 219) 
followed in the path of Justin Martyr. He was disturbed by the fact 
that many in his day were skeptical about the very Possibility of at- 


A es 
id Jus! 
oo 
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, a tendency he opposed. Indeed, he 
ag a ee af a preparation for Christian- 
bale he believed that the Greek philosophers drew 
Le Se tion from the Old Testament. Clement was also 
i a Geek philosophers had arrived at many truths m 
ine Logos illuminated and guided them. Clement wante: 
Be Bee sopky to shed light on Christian theology. In the 
a E sought to show the importance of philosophy for 
i E aa of this treatise, Clement explores the relations 
philosophy and Christian theolog ; emphasizing a aan 
to philosophy, one in which Christians select what is Eo u 
j re what might prove harmful. Although Philo of Alexan ria 
in Martyr regarded Greek philosophy as a useful, if not nec- 
an for the proper understanding of their respective religions, 


Clement who provided the weightiest arguments for using phi- 
was 


i istiani id of theology. Indeed, one 
fosop! erve Christianity as the handmai 1 e 
ke a Miscellanies is titled “Philosophy the Handmaid of Theol- 


ilosophy serves Chris- 
i t chapter, Clement shows that philosop 
esa should definitely be used wherever it might prove helpful. 
3 j RS rdingly, before the ad- 
j the chapter with these words: “Acco: eau: 
k BF the Tord, philosophy was necessary to the Greeks ere 
sness. And now it becomes conducive to piety; being a kind o 
Sa tory training to those who attain to faith through demonstra- 
for Clement concludes: “philosophy, P R 
the way for him who is perfected an christ” (C x 
pe ie acest bk. 1, chap. 5:305). Clement $ igs opinion i ri 
is reflected in his assertion that “ ‘philosopt y is the si 
Ses soa wisdom is the knowledge of things divine and eat 
and their causes.’ Wisdom is therefore queen of philosophy, as pl - 
losophy is of preparatory culture” (Clement of Alexandria 1983, bk. 1, 
. 5:306). 4 y 
= EA places in his lengthy treatise, Clement finds occasion to 
praise philosophy, as when, in Book 6, he declares: Troop R aak 
of vice, since i i ; it Follows, then, 
then, the product of vice, since it makes men virtuous; i 
that it a te work of God, whose work it is solely to do good. And tu 
things given by God are given and received well” (Clement 1983, | 3 
1, chap. 17517) Tn the last chapter of the sixth book, Sema Sea 
í er we ol il ize” ludes that we cannot 
“whether we ought to philosophize’ and cond 
eid it. For “if Me are not to philosophize, what then? (For no one 
can condemn a thing without first knowing it): the consequence, even 
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in that case, is that we must philosophize” (Clement 1983, b 
18:518). Sa 
But if Clement urged Christians to utilize Greek philosophy 
to prop. 
erly understand the Christian faith, he also convinced hime d 
many other Christians, that Greek philosophers had drawn— E 
stolen—their knowledge from the Old Testament and the Hebrew 


prophets, and that most of them were not even Greeks but barbaria u 


The widespread belief that the Greeks had derived their philosophy. 
from the Old Testament prompted some Christians to tationalize i 
use of Greek philosophy as a justifiable appropriation of somethin, 

the Greeks had originally taken from the Judaic tradition, Certain bie 
lical phrases were found convenient for sanctioning such appropria- 
tions. Christians could take what was of value in pagan thought and 
use it for their own benefit, just as in Exodus (3:22, 11:2, and 12:35), 
when the Lord instructed Moses to plunder the wealth of the Egyp- 
tians. As additional incentive, Christians were urged to use the knowl- 
edge they acquired from pagan philosophy to defeat the pagans, as 
David slew Goliath with Goliath’s own sword (1 Sam. 17:51). Else. 
where, Clement speaks of the Greek philosophers as a group, ranging 
from the pre-Socratics to Plato and Aristotle, and explains that “most 
of them were barbarians by extraction, and were trained among bar- 
barians” (Clement 1983, bk. 1, chap. 15:315). 

Many church fathers sought to deflate Greek achievements in phi- 
losophy, either by accusing them of deriving their philosophical 
knowledge from the Hebrew scriptures, or by denying that they were 
really Greeks, viewing them instead as barbarians from various parts 
of the ancient world. All of this was done to make their Christian read- 
ers feel that philosophy was a useful discipline, because, after all, it 
had its roots in the Old Testament, and, as further comfort, they could 
emphasize that most of its practitioners were not even pure Greeks 
but were of barbarian extraction. 

Writing some thirty years after Clement, Origen (c. A.D. 184—c. 254), 
who was probably born in Alexandria, also advocated the study of 
philosophy for Christians, as he indicates in a letter to the soon-to-be 
bishop of NeoCaesaerea, Gregory Thaumaturgus. Origen urges Gre- 
gory to bring to his bishopric 


on the one hand those parts of the philosophy of the Greeks which are fit, as 
it were, to serve as general or preparatory studies for Christianity, and on the 
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sr band so much of Astronomy and Geometry as may be helpful for the 
tion of the Holy Scriptures. The children of the philosophers speak 
and music and grammar and rhetoric and astronomy as being 
Say to philosophy; and in the same way we might speak of philosophy 


P peing ancillary to Christianity. (Origen 1980, 295) 


Although he emphasized the preparatory nature of Greek philoso- 
oh y for the interpretation of holy scripture, Origen also emphasized 
come of the difficulties philosophy posed for Christianity. In a treatise 
titled Against Celsus (Contra Celsum), Origen explains that “philosophy 
and the Word of God are not always at loggerheads, neither are they 
always in harmony. For philosophy is neither in all things contrary to 
God's law nor is it in all things consonant” (Chadwick 1970b, 186). 
Origen proceeds to illustrate this observation by noting points of 
agreement and disagreement: 


Many phitosophers say there is one God who created the world; some have 
gdded that God both made and rules all things by his Logos. Again, in ethics 
‘and in their account of the natural world they almost all agree with us. But 
disagree when they assert that matter is co-eternal with God, when they 
deny that providence extends below the moon, when they imagine that the 
rer of the stars determines our lives or that the world will never come to 
an end. (Chadwick 1970b, 186) 


A few of these disagreements, as we shall see, played a large role in 
the subsequent history of the relations between science and religion 
in late antiquity, and especially during the late Middle Ages. 

The last of the Greek church fathers was John of Damascus, or John. 
Damascene, who in the eighth century lived in areas that had been Is- 
lamic for some years. Little is known about him except that he entered 
the monastery of Saint Sabbas in Jerusalem around the year 730. Al- 
though John of Damascus wrote numerous works, he is best known 
for the Fount of Knowledge, a treatise written sometime after 743. The 
Fount of Knowledge is in three parts. The first is called the Philosophi- 
cal Chapters and is extremely important; the second contains about 
103 different heresies; and the third part, divided into four books, is 
titled On the Orthodox Faith. In the second book of On the Orthodox 
Faith, John includes a lengthy discussion of the creation and its vari- 
ous visible and indivisible entities. Of these three parts, the first is rel- 
evant to this section, while the creation account in the second book of 
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the third part will be discussed below in the section on hexameral 4 
erature. 3 

In the Philosophical Chapters, John presents a detailed account 
various aspects of Greek philosophy, much of which he drew, dire 
or indirectly, from the works of Aristotle. In his preface, John ado 
a favorable attitude toward Greek philosophy when he proclai 
“First of all I shall set forth the best contributions of the Philosophers 
of the Greeks, because whatever there is of good has been given fy 
men from above by God, since ‘every best gift and every perfect pif, 
is from above, coming down from the Father of lights’” James f 
John of Damascus 1958, 5). In the opening words of his first chapter, 
John reveals a strong belief in the acquisition of knowledge and utter 
contempt for ignorance, declaring: “Nothing is more estimable 
knowledge, for knowledge is the light of the rational soul. The Oppo. 
site, which is ignorance, is darkness. Just as the absence of light is 
darkness, so is the absence of knowledge a darkness of the reason, 
Now, ignorance is proper to irrational beings, while knowledge ig 
proper to those who are rational” (John of Damascus 1958, 7). 

With this introduction to his Philosophical Chapters, John explains 
the aim of his efforts in the second chapter: “Our purpose, then, is tọ 
make a beginning of philosophy and to set down concisely in the 
present writing, as far as is possible, every sort of knowledge. For this 
reason let it be entitled a Fount of Knowledge.” John then declares that 
his work is not based on his knowledge and ideas (indeed, he says, 
“I shall say nothing of my own”), “but I shall set down things which 
have been said in various places by wise and godly men. First of all, 
then, it is best to know just what philosophy is” (John of Damascus 
1958, 20). In the third chapter, John describes the nature of philoso- 
phy: “Philosophy is the art of arts and the science of sciences. This is 
because philosophy is the principle of every art, since through it every 
art and science has been invented” (John of Damascus 1958, 11). He 
then divides philosophy into speculative and practical parts and then 
further subdivides each part much the way Aristotle did. And then, 
like Clement long before, John argues against those skeptics who 
argue that philosophy does not exist. “There, are, however, some peo 
ple,” he declares, “who have endeavored to do away entirely with phi- 
losophy by asserting that it does not exist and that neither does any 
knowledge or perception exist. We shall answer them by asking: How 
is it that you say that there is neither philosophy, nor knowledge, nor 
perception? Is it by your knowing and perceiving it, or is it by your 


The First Six Centuries of Christianity 111 


pnowing and perceiving it? But if it is by your not knowing it, 
no one will believe you, as long as you are discussing something 
jch you have no knowledge” (John of Damascus 1958, 12-13). 
concludes that there is obviously such a thing as philosophy and, 
with chapter four, launches into a discussion of that sub- 
starting with being, which is followed by a long series of special 
Jopics in philosophy. : 

Unlike the Greek church fathers who preceded him, John of Dam- 
axus expressed his views on philosophy and its utility by actually in- 
f ing his readers of its substantive content. He obviously did so 
pecause he regarded philosophy as an important subject and, there- 
“fore, thought his fellow Christians should become knowledgeable 


about it. 
The Latin Church Fathers 


From around A.D. 300 to 600, a group of Christian writers known as 
the Latin church fathers used Latin as their language of communica- 
tion and, like their counterparts among the Greek church fathers, 
found it necessary to consider the relations between philosophy and 
the doctrines of the Christian faith. They were almost all ignorant of 
Greek, and therefore, what knowledge they had about the Greek 
philosophers came to them via Latin translations from Greek, or from 
Roman authors like Cicero and Seneca, who transmitted some infor- 
mation derived from Greek philosophical sources. The names of the 
most eminent members of this group are: Marius Victorinus Afer (c. 
AD. 280-c. 363), Saint Ambrose {c. A.D. 337-397), Saint Jerome (A.D. 
340-420), Saint Augustine (A.D. 354430), Boethius (i.e., Manlius Sev- 
erinus Boethius, c. A.D. 480-524/525), Cassiodorus (c. a.D. 477-c. 570) 
and Gregory the Great (c. A.D. 540-604). Of these Latin church fathers, 
Saint Augustine exercised the greatest influence on medieval thought 
inthe Latin West. Boethius was also highly significant, but less for his 
important philosophical and theological views than for his contribu- 
tions to the seven liberal arts, which will be discussed in the next sec- 
tion. Here I shall confine my attention to Saint Augustine, whose ideas 
influenced Thomas Aquinas and other medieval theologians. 

Although his parents were Christians, though not born into Chris- 
tian families, Saint Augustine (see Figure 4.1) himself did not convert 
to Christianity until 386 and was not baptized until 387, when Saint 
Ambrose baptized him in Milan. Prior to his acceptance of Christian- 
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Figure 4.1. Saint Augustine. (New Catholic Encyclopedia 2003, 1:852.) 


ity, Augustine had been heavily involved in philosophy and theology, 
the former deriving from his involvement with neo-Platonism, the lat- 
ter from his days as a member of the Manichaean religion. 

Like so many Christians before him, Augustine pondered the peren- 
nial question of whether Christians should use the scientific and philo- 
sophical literature of the pagans. Was it of any use to Christians? 
Indeed, was it not potentially dangerous and misleading? Augustine 
opted for the—by then—traditional handmaiden solution to the 
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„asis evident when he declares: “If those... who are called 
phers happen to have said anything that is true, and agreeable 
faith, the Platonists above all, not only should we not be afraid 
5, but we should even claim back for our own use what they 
said, as from its unjust possessors” (Augustine 1996, 159), which 
ine justifies by appeal to the story of the despoiling, or plun- 
of the Egyptians. In conformity with his handmaiden attitude 
rd pagan learning, Augustine places that learning within a Chris- 
context when he declares that “all the knowledge derived from 
te books of the heathen, which is indeed useful, becomes little 
eh is compared with the knowledge of the divine scriptures” 
ie 1996, 162). Thus did Augustine advocate the use of pagan 
ilosophy when it furthered the aims of the Christian religion, but 
avoidance of secular learning when it had no such purpose. It 
was surely not to be studied as an end in itself. 

Augustine's sentiments about pagan learning were rather common 
among more learned Christians. His endorsement of the handmaiden 
tradition is, therefore, not in itself noteworthy. But Augustine’s atti- 
tude toward other important aspects of pagan literature is important 
and striking. His opinion on the role of reason in matters of faith was 
highly influential in the subsequent history of Christianity. The func- 
tion of reason in the interpretation and understanding of theology and 
faith was to explain vital doctrines and beliefs by revealing their 
truths. One could only achieve this goal, however, if one first accepted 
the faith as true and then applied reason and logic to its explication. 
For Augustine, faith must precede understanding. His conviction on 
this matter was but a consequence of the handmaiden approach. Rea- 

son was not to be applied to the faith by following arguments wher- 
ever they might lead. The truths to be explained were already known 
by revelation. Logic and reason could help explain them, but could 
not derive them. 

Because Augustine assigned this role to reason and logic, and to ra- 
tional discourse in general, he wrote favorably about logic and math- 
‘ematics. He believed that “the discipline of rational discourse . . . is of 
the greatest value in penetrating and solving all kinds of problems 
which crop up in the holy literature” (Augustine 1996, 153-154). For 
Christians to capitalize on the rigorous inferences that could be de- 
tived from the application of logic to faith, Augustine cautions them 
tọ make certain that the propositions from which they would draw 
logical inferences were actually true. In an example, he assumes that 
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Someone asserts as an antecedent that “there is no resurrection of 
dead,” from which it follows as a consequent “that neither hag 
risen again.” Augustine concedes the validity of the logic, but i 
that “this consequent is false, because Christ has risen again, 
fore the antecedent is also false, that there is NO resurrection of 
dead; accordingly there is a resurrection of the dead. This can all 
put very briefly as follows: If there is no resurrection of the dead, 
neither has Christ risen again; but Christ has risen again; therefor: 
there is a resurrection of the dead” (Augustine 1996, 155). Thus, ony. 
must begin with the true proposition that Christ has 
then, by the use of logic, draw the correct inference that “there is 
resurrection of the dead.” Augustine also exerted an important influ- 
ence on the way medieval natural Philosophers and theol; jans 
viewed the relationship between natural philosophy and scripture, a 
theme that will be considered later (see chapter 7). 
Saint Augustine and the Greek church fathers we have mentioned to 
this point shaped the handmaiden approach to Greek secular learni 
They made it respectable, and even essential, for Christian authors to. 
study Greek philosophy and science where these were thought to con. 
tribute to the advancement of Christianity. Although these early Chris- 
tian thinkers discouraged the study of Greek pagan thought for its own 
sake, they made a significant contribution nonetheless. In their zeal for 
the faith, they might have condemned all Greek and secular literature, 
or they might have assigned it a minor, peripheral role. Instead they 
gave it a central role, because they gradually came to realize that Greek 
metaphysics and natural Philosophy were essential tools for ünder- 
standing the Christian religion and the world of God's creation. 


COMMENTARIES ON GENESIS (HEXAMERAL 
TREATISES): THE CHRISTIAN UNDERSTANDING OF 
THE CREATION OF THE WORLD 


One of the most significant early contacts with Greek natural phi- 
losophy, and philosophy in general, came when Christians sought to 
explain the creation account in Genesis. They were aware of pagan ex- 
planations of the world. They knew the most basic views of Plato and 
Aristotle and were cognizant of how dramatically their accounts dif- 
fered from the scriptural version. Christian commentaries on the six 
days of creation as related in Genesis were called hexamera (or hexae- 
mera), a Greek word meaning “the six days.” In these hexameral com- 
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Figure 4.2. God in the act of creating the 
sun, moon, and stars on the fourth day of 
the creation account in Genesis. From a 
thirteenth-century Bible moralisée in the 
Bodleian Library, Oxford, England. (Bodley 
MSS 270b, fol. 4r.) 


examples of God’s power. For example, God created 
shrubs on the third day before he Sete the sun ceo a 
fourth day (see Figure 4.2). Philo argues that we mortals, observi 
natural phenomena, “suppose that the regular movements of the heay- 
enly bodies are the causes of all things that year by year come forth 
and are produced out of the earth” (Philo of Alexandria 1929, 1:35). In 
response to such expectations, in Philo’s account God replies: “Let 
them . . . go back in thought to the original creation of the universe, 
when, before sun or moon existed, the earth bore plants of all sorts and 
fruits of all sorts; and having contemplated this let them form in their 
minds the expectation that hereafter too shall it bear these at the Fa- 
ther’s bidding, whensoever it may please Him” (Philo of Alexandria 
1929, 1:35). Christian commentators, who read Philo’s commentary on 
Genesis, were similarly influenced by Plato. Unlike Philo, however, 
who had no familiarity with the works of Aristotle, a number of 
Church fathers revealed Aristotle’s direct or indirect influence. 


The Greek Church Fathers and the Hexameral Tradition 


Although most authors who wrote on the creation account in Gen- 


esis, or aspects of it, did so in formal commentaries, some expressed 
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opinions and observations in other contexts, as is evident in the 
on John Philoponus and John of Damascus. During the Mid- 
k , there were other formats for expressing opinions about the 


tBnsilof Caesarea Although Saint Basil of Caesarea, who lived 
jhe fourth century, was not the first Greek church father to write a 
mentary on the six days of creation, his is the first to survive. In- 
4, his work was so popular and influential that it tended to replace 
cse hexameral treatises that had already been written. It was trans- 
Aiad into Latin and exerted a significant influence on Saint Ambrose’s 
ral treatise. Numerous Latin manuscripts of Basil’s work are ex- 
tant, testifying to its popularity throughout the Middle Ages. 
T Although we saw earlier in this chapter that Basil was scornful of 
Greek science and philosophy, emphasizing how they always seemed 
to contradict one another, he nevertheless incorporated into his hexa- 
meral treatise numerous physical concepts from Greek science. After 
all, Basil had been well educated in Athens and was familiar with the 
writings of Plato and, to some extent, perhaps even with the works of 
‘Aristotle. Basil’s commentary on the six days of creation appears in 
thefirst nine homilies of a sequence that extended to twenty-two hom- 
ilies. His audience consisted largely of Christian workers as well as 
some educated people. Basil found it necessary to interject scientific 
explanations for various phenomena mentioned in scripture, because 
his audience demanded that he do so. Following a brief explanation 
of the passage “Let the waters below the heavens be gathered into one 
place and let the dry land appear” (Gen. 1:9), Basil declares: “How 
much trouble you caused me in my previous lectures, demanding the 
reason for the invisibility of the earth, since color is naturally present 
in every body, and every color is perceptible to the sense of sight!” 
And then, just before he continues on with his analysis, Basil, with 
seeming apprehension, suggests, “Perhaps, my words did not seem to 
you to be sufficient” (Basil 1963, 56). In explaining the creation account 
in Genesis, it was almost unavoidable for commentators on Genesis 
to inject information about science and natural philosophy drawn 
from the only source that could provide it: the pagan Greek tradition 
of science and natural philosophy. 

Basil informs his audience that he interprets scripture in a strict, lit- 
eral sense. “When I hear ‘grass,’ I think of grass, and in the same man- 
ner I understand everything as it is said, a plant, a fish, a wild animal, 
and an ox” (Basil 1963, 135). He rejected an allegorical approach to 
scripture, criticizing those “who have attempted by false arguments 
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and allegorical interpretations to bestow on the scripture a digni 
their own imagining” (Basil 1963, 136). Basil regarded topics that wen, 
not mentioned or discussed in scripture as irrelevant to Christians, For 
example, he mentions that many have discussed the shape of 
earth—whether it is a sphere, a cylinder, or is like a flat disk, 
Moses did not mention the shape of the earth and, consequently, ques. 
tions about that issue are of no importance to Christians, 

Because he did not wish to resort to allegorical explanations for thy 
plants, animals, and natural phenomena mentioned in Scripture, 
could not explain them away as signifying something other than wi 
the text actually asserted. As a consequence of his desire to treat scrj 
ture as the literal truth, Basil found it necessary to describe and explain 
numerous animals and plants and natural phenomena mentioned 
therein. In response to the command in Genesis 1:24, “Let the earth 
bring forth living creatures; cattle and wild beasts and crawling crea. 
tures,” Basil mentions and characterizes such creatures as grasshop- 
pers, winged insects, field mice, eels, and such animals as the ox, the 
ass, dogs, lions, bears, foxes, tortoises, sheep, and others. He often used. 
these creatures to moralize about humans, as when he discoursed 
about the dog, declaring: 


The dog is without reason but, nevertheless, he has serse reactions equiva- 
lent to reason. In fact, the dog appears to have been taught by nature what 
the wise of the world, who occupy themselves during life with much Study, 
have solved with difficulty, I mean the complexities of inference. In tracking 
down a wild beast, if he finds the tracks separated in many directions, he 
traverses the paths leading each way and all but utters the syllogistic state- 
ment through his actions: ‘Either the wild beast went this way,’ he says, ‘or 
this, or in that direction; but, since it is neither here nor there, it remains that 
he set out in that direction.’ Thus, by the elimination of the false he finds the 
tue way. What more do those do who settle down solemnly to their theo- 
ries, draw lines in the dust, and then reject two of the three premises, find- 
ing the true way in the one that is left? (Basil 1963, 142-143) 


Basil emphasized God’s providential actions: everything has a spe- 
cific purpose. God created all creatures to fulfill a specific function and 
endowed each of them with the Proper tools to fulfill their missions. 
He fitted carnivorous animals with sharp teeth, but for those animals 
who lack sufficient teeth, such as various horned animals, “He pro- 
vided with many varied receptacles for the food. Because the food is 
not ground sufficiently fine the first time, He has given them the 
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te chew again what has already been swallowed. ... The first, 
nd, third, and fourth stomachs in the ruminants do not remain 
put each fulfills a necessary function.” In an example that would 

led to the nineteenth-century biologist, Jean Baptiste 

Ye oe (1744-1829), Basil invokes the camel's neck, which “is long 
ae that it may be brought to the level of his feet and he may 
eS the grass on which he lives” (Basil 1963, 144). In his discussion 
pl animals, Basil may have drawn on Aristotle's biological works, es- 
lly the History of Animals, which contained descriptions and dis- 
qussions of the habits of many animals. 
` Basil seems to have accepted the idea that God endowed nature 
with the capacity to be self-operating. Thus, he believed that all ani- 
mais act according to natural law instilled in them by the creator. In 
the seventh homily, he speaks of migratory fish that “set out all to- 
gether at one preconcerted signal. When the appointed time for breed- 
ing arrives, being roused by the common law of nature, they migrate 
from the different bays, hastening toward the North Sea.” The fish 
have something to teach us. “Do not despise the fish because they are 
absolutely unable to speak or to reason,” admonishes Basil, “but fear 
Jest you may be even more unreasonable than they by resisting the 
command of the Creator. Listen to the fish, who through their actions 
all but utter this word: “We set out on this long journey for the per- 
peluation of our species.’ They do not have reason of their own, but 
they have the law of nature strongly established and showing what 
must be done” (Basil 1963, 111-112). 

But how can we see anything positive and providential in the pro- 
duction of poisonous plants? In the fifth homily, Basil explains the bib- 
lical passage beginning with the line “Let the earth bring forth 
vegetation.” Basil explains that “immediately with the nutritive are 
produced the poisonous; with the grain, the hemlock; with the other 
edible plants, the hellebore and leopard’s bane and mandrake and 
poppy juice. What then? Shall we neglect to acknowledge our grati- 
tude for the useful plants and blame our Creator for those destructive 
of our life?” (Basil 1963, 71). Basil repudiates such a notion and ar- 
gues, “There is not one plant without worth, not one without use. Ei- 
ther it provides food for some animal, or it has been sought out for us 
by the medical profession for the relief of certain diseases. In fact, star- 
lings eat hemlock, escaping harm from the poison because of the con- 
stitution of their bodies. . . . Hellebore is food for quails, who escape 
harm because of their peculiar constitution. These same plants are 
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sp of those parts must also be corruptible. The world cannot be 
mal with God, the creator of all things (Basil 1963, 7). 

second homily, Basil insists that matter cannot be uncreated, 
jf matter itself is uncreated, it is, in the first place, of equal rank 
1 ‘God, worthy of the same honors. What could be more impious 
in this, that the most extreme unsightliness . . . be considered wor- 

f the same superior ranking as the wise and powerful and all- 
Craftsman and Creator of all things?” (Basil 1963, 23). This 
be taken in conjunction with Basil’s belief that a spiritual light 
in an invisible world before the creation of the visible world. 
‘This spiritual light lit the invisible world that served as a light for the 
“whole orderly arrangement of spiritual creatures” (Basil 1963, 9). To 
“this, God subsequently added the visible, physical world. From these 
jdeas, we may properly infer that Basil believed the world was cre- 
ated from nothing—that is, nothing material. Unlike Plato, he did not 
assume the existence of a pre-creation matter from which God created 
the world. Although Basil was not one of those church fathers who 
explicitly argued for a “creation from nothing,” or ex nihilo, he 
nonetheless made it an implicit feature of his creation account. 

In the third homily, Basil seeks to elucidate the meaning of the 
words “Then God said, ‘Let there be a firmament in the midst of the 
waters to divide the waters.’ And God made the firmament, dividing 
the waters that were below from those that were above it” (Gen. 1:6-7; 
Basil 1963, 42). If the firmament is spherical, however, how can the 
water rest on the convex surface of the heavens? Would the water not 
roll off? Basil dismisses this problem by interpreting the passage in a 
way that made physical sense but would have either amused or hor- 
rified Greek natural philosophers. “If some body appears circular to 
us because of an inner concavity,” Basil explains, 


dt is not necessary for the outer surface to be made completely spherical, and 
the whole to be perfectly rounded and smoothly finished. Let us look, indeed, 
at the stone vaults of the baths and the structures of cavelike buildings which, 
rounded to a semicircular form according to their interior appearance, often 
have a flat surface on the upper sections of the roof. Therefore, let them cease 
making trouble for themselves or for us, alleging that water cannot be kept 
in the upper regions. (Basil 1963, 42) 


In the course of the nine homilies devoted to his commentary on 
the six days of creation, Basil considered many topics and drew upon 
what Greek science and philosophy was available to him, probably 
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from handbooks and from authors who passed along some of Aristo. 
tle’s ideas. As Etienne Gilson has put it, Basil’s nine homilies on ere. 
ation “contain less the systematic exposition of a philosophy than, z 
medley of notions related to the problems which the text of Scrip 
happened to suggest to his mind” (Gilson 1955, 55). He rarely offers 
cogent, detailed arguments. In his discussions of this or that Subject 
or theme, he was often anxious to see God’s providential wisdom in 
all the aspects of nature. Nevertheless, although Basil subordinated 
science to the study of nature, he often reveals an interest in nature 
for its own sake. His commentary on Genesis was quite influential, 
One of those whom he influenced was the sixth-century Christian 
commentator John Philoponus, who undoubtedly produced the most 
unusual commentaries relevant to science and religion of any Christ. 
ian in late antiquity. His ideas would prove influential among both ls- 
lamic and medieval Christian natural philosophers. 

John Philoponus Among all ancient commentators on Aristotle, 
John Philoponus was the most philosophical, analytical, and original, 
He was also a significant commentator on the six days of creation, As 
his first name suggests, John Philoponus (c. A.D. 490-c. 570) was prob- 
ably born a Christian and seems to have been a member of the 
Monophysite sect, which held that Christ had only one nature, not 
two, a view that was declared heretical in the seventh century. His sur- 
name, Philoponus, means “lover of work” and may have been a nick- 
name, although this is uncertain (Sorabji 1987, 5). Philoponus was a 
neo-Platonist philosopher who studied and taught in the neo-Ilatoni¢ 
school of Alexandria, which by Philoponus’ time had witnessed an 
accommodation between pagan neo-Platonists and Christian neo- 
Platonists to the extent that some Christians served as leaders of the 
school by holding the chair of philosophy, a position that Philoponus 
himself may have held. 

In Philoponus’ day, it was customary to do philosophy by writing 
commentaries on Plato or Aristotle. Of Philoponus’ commentaries on. 
the works of Aristotle, at least seven have survived. The most impor- 
tant of these for science are his commentaries on Aristotle’s 
Meteorology, On Generation and Corruption, and the Physics (Books 1-4, 
with surviving fragments from Books 5-8). In these works, Philo- 
ponus rejected many of Aristotle’s theories and replaced them with 
well-thought-out new theories, which exerted a significant influence 
on medieval natural philosophers and even influenced Galileo in the 
seventeenth century. Philoponus rejected Aristotle’s explanation of 
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-iaptile motion and replaced it with an impressed force theory that 
‘xed a significant step toward the principle of inertia. Philoponus 
a pelieved—contrary to Aristotle—that finite motion could occur in 
i vacuum. Finally, it is noteworthy that Philoponus, once again in op- 
position to Aristotle, argued that if you drop two unequal weights 
i the same height, they will reach the ground at approximately the 
time, an experiment that Galileo is alleged to have performed 

from the Leaning Tower of Pisa. 

Philoponus’ contributions to the theme of science and religion came 
ina variety of works, including his Aristotelian commentaries, but his 
most relevant contributions derive from his commentary on the six 
days of creation, a work titled On the Creation of the World (De opificio 
mundi), and two other works, Against Proclus, On the Eternity of the 
World, written in 529, and Against Aristotle, On the Eternity of the World 
(De Aeternitate Mundi contra Aristotelem), which is lost, but fragments 
of it have been preserved in commentaries on Aristotle’s Physics and 
De caelo by the neo-Platonic philosopher Simplicius, who was Philo- 
ponus’ bitter rival. “Philoponus’ philosophy of nature,” it has been 
rightly said “was the first to combine scientific cosmology and 
monotheism” (Sambursky 1973, 134). In defense of Christian 
monotheism, Philoponus attacked the most basic features of Aristo- 
tle’s cosmology and physics. Among numerous criticisms of Aristo- 
tle’s cosmological opinions, two may be singled out as crucially 
significant: Philoponus’ attacks on Aristotle's belief in the eternity of 
the world, and his rejection of Aristotle’s profound conviction that the 
heavens are composed of a fifth incorruptible element, a celestial 
ether. The incorruptible fifth celestial element stands in stark contrast 
to the four terrestrial elements—earth, water, air, and fire—which 
form the matter of all changeable compounds in the region below the 
concave surface of the lunar sphere. 

Jn order to support the Christian belief in a creation, Philoponus 
knew that he had to show the implausible, and even impossible, fea- 
iures of Aristotle’s arguments in favor of an uncreated, eternal uni- 
verse. Aristotle had argued that the world could not have come from 
some prior state of material existence, say A, because we would then 
have to inquire from whence did A come? If we say that A came from 
a previously existent matter, B, we then have to seek the generator, or 
cause, of B, and so on, leading to an infinite regress of causes, and it 
would be impossible to reach the beginning of the first material exis- 
tence. For other reasons as well, Aristotle concluded that the physical 
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world could not have had a beginning. The option of Creation 
nothing (ex nihilo) would have made no sense to him, and he 
no mention of it. Moreover, Aristotle had also distinguished two 
ferent kinds of infinites. The first is an actual infinite, an infinite į} 
embraces everything, leaving nothing outside. Aristotle denied the 
istence of an actual infinite. The second infinite is a potentia] infi 
which does exist and which Aristotle describes as follows (Ph 
3.6.206a.27-29): “The infinite has this mode of existence: one thing 
always being taken after another, and each thing that is isak 
ways finite, but always different” (Aristotle 1984, 351). Richard: e 
explains that Aristotle's potential 
side of it, for “however large a finite number you have taken, you 
take more. It is the reference to the possibility of taking more that 
guarantees this infinity will always have something outside j= 
(Sorabji 1987, 168). 

Aristotle’s belief in the eternity of the world was based upon his 
conviction that a potential infinite always has something outside of ft, 
It was this belief that Philoponus subverts in Against Proclus, On the 
Eternity of the World. Philoponus first argues that if the cosmos is un. 
created and has no beginning, an actual infinity of years must have 
passed, and therefore, an infinite number of individuals will have 
come into being. “But,” he declares, “it is in no way possible for the 
infinite to exist in actuality, neither by existing all at once, nor by com- 
ing into being part at a time, as we shall show more completely, God 
willing, in what follows” (Sorabji 1983, 214). Philoponus shows this 
by arguing that even if the infinite 


comes into being part at a time, one unit always existing after another, so that 
eventually an actual infinity of units will have come into being, then even if 
it does not exist all together at once (since some units will have ceased when 
others exist), none the less it will have come to be traversed. And that is ime 
Possible: traversing the infinite and, so to speak, counting it off unit by unit, 
even if the one who does the counting is everlasting. For by nature, the infi. 
nite cannot be traversed, or it would not be infinite. (Sorabji 1983, 215) 


Philoponus then applies this reasoning to the human race. For if the 
infinite is not traversable, “but the succession of the race has pro- 
ceeded one individual at a time, and come down through an infinity 
of individuals to those who exist now, then the infinite has come to 
be traversed, which is impossible. So the number of earlier individu- 
als is not infinite. If it were, the succession of the race would not have 


infinite always has something out 


The First Six Centuries of Christianity 125 


3 as each of us, since it is impossible to traverse the 
4 aa, 215). Moreover if the cosmos had no beginning, 
: individuals who lived to the time of Socrates comprised 
: > F annber, then if all those who were born after Socrates were 
the infinite number of humans who lived to the time of 
tes, we would have a total number of individuals that exceeds 
infinite; therefore, something greater than an infinite would exist, 
impossible. 
The Feoblens quickly compound. Philoponus adds that humans 
not be the only infinite entity. What about the infinity of horses 


“shat would have lived if the world were uncreated and eternal? They 
would comprise a second infinite number of beings. The same may be 


said for dogs, which would constitute a third kind of infinite being, 


‘and so on. These are further impossible and absurd consequences of 
an eternal, uncreated world. 


fi jor inconsistency with the concept of an eternal world in- 
Kies ak R of the planets around the earth at the 
center, which differ from each other considerably. Saturn takes thirty 
years to complete a revolution; Jupiter, twelve years; the | Sun, one year; 
and so on. If the heavenly motions did not have a beginning, Saturn 
would have made an infinite number of revolutions. If so, then Jupiter 
would have made almost 3 times as many revolutions as Saturn, and 
the sun would have made 30 times as many, and the moon, 360 times 
ag many, and finally, the fixed stars would have made 10,000 as many: 
as Saturn. “Is this not beyond all absurdity,” Philoponus declares, “if 
the infinite cannot be traversed even once, to entertain ten thousand 
times infinity, or rather infinity times infinity,” from which he con- 
cludes that “the revolution of the heavens should have had a begin- 
ning of its existence without having existed previously” (Sorabji 1983, 
216). 

ee monumental contribution to the theory of eternity or 
the creation of the world has been justly praised by Richard Sorabji, 
who explains that Philoponus “found a contradiction at the heart of 
Paganism, a contradiction between their concept of infinity and their 
denial of a beginning. This contradiction had gone unnoticed for 850 
years. ... For the first time, he put Christianity on the offensive in the 
debate on whether the universe has a beginning. This might well be 
called a turning point in the history of philosophy” (Sorabji 1987, 
177-178). j ; 

Although the issue of the eternity of the world versus its creation 
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was undoubtedly the most important issue for Philoponus, and 
Christians generally, Philoponus also found that a major fea " 
Aristotle's cosmos posed a disturbing and challenging Problem, on, 
related to the eternity of the world. He rejected Aristotle's division gp 
the cosmos into two radically separate regions, terrestrial and ça 
tial, the former comprised of corruptible, material bodies made UD of 
various mixtures of the four elements, the latter composed of a fifi 
element, called an ether, which was material but incorruptible 
weightless, and which extended from the concave surface of the lunar 
sphere to the outermost sphere of the fixed stars. Aristotle regarded 
the celestial fifth element as divine. If Philoponus wished to del 
his arguments against eternity and in favor of creation, it was t 
tial that he show that the heavens were not incorr, 
generated. 

To achieve this, Philoponus contended that the celestial region is not 
immune to change. He argued that the planets differ in color and 
therefore must also differ in composition. Hence there cannot bea uni- 
form fifth celestial element. In fact, argued Philoponus, the heavens 
are composed of the same four elements that comprise the bodies of 
the terrestrial region. The four elements that make up the çelestial 
bodies are the purest of their respective species, but they are nonethe 
less the same four elements. Of these four elements, however, fire pre 
dominates. For the most part, Philoponus resorted to an explanation 
similar to Plato's. He repudiated Aristotle on one of the most basic 
features of the latter's cosmology. The world is not divided into rad- 
ically different incommensurable terrestrial and celestial parts, but is 
rather a single, unified whole. 

Philoponus’ arguments against Aristotle's doctrine of the eternity 
of the world were also relevant to the doctrine of “creation from noth- 
ing” (ex nihilo). Until 529, when Philoponus wrote his attack on Pro- 
clus, a pagan neo-Platonic philosopher, Christian authors were unsure 
of themselves about the problem of creation. They were certain that 
God had created the world and that therefore the world obviously had 
a beginning. Many pagans also believed our present world had a be- 
ginning. But they were convinced that whoever made the world made 
it from a pre-existing matter that was eternal and, therefore, had no 
beginning. In discussing the Creation, many early Christians were in- 
fluenced by Plato, who argued for a pre-existent matter that the cre- 
ator God, or Demiurge, fashioned into a world. Some Christian 


uptible and un 
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ers did opt for a creation from nothing. As early as the sec- 
Theophilus of Antioch (fl. 181) wrote an apologetic trea- 
“ae ‘Autolycus in which he argued for a creation from nothing. 
are was always ambivalence and uncertainty, as we saw earlier, 
n il seemed to accept a creation from nothing, but did not 
BY lic and was perhaps unaware that he had arrived at that 
De Indeed, there were even biblical passages that suggested 
Aas created from a pre-existing chaos (Job 28, 38; Wisd. of 
ay: see Sorabji 1983, 194). Despite these passages, the Creation 
oy nihilo doctrine would probably have triumphed because it had a 
e i irresistible appeal on the straightforward grounds that a 
; A could create a world from nothing would appear far more 
powerful thana deity who could only create a world from pre-existing 
a however, John Philoponus who provided the reasoned ar- 
ints that made creation ex nihilo a more feasible alternative, To 
achieve this, he had to show that the conception of God creating ihe 
world from a pre-existent chaotic matter, much as Plato had assumed, 
was implausible. He did this by mustering a series of powerful argu- 
ments against Aristotle’s idea of an uncreated, eternally existent 
world. We know from his pagan Greek rival, Simplicius, that Philo- 
ponus believed in a creation from nothing. He denied that God had 
created the world from pre-existing matter and argued instead that 
God had created the matter and form of all things from nothing (Sam- 
73, 135). ; 
ine of 2 arguments against an infinite regress of material 
causes, and his arguments that revealed grave inconsistencies in the 
cancept of an uncreated, eternal world, Philoponus prepared the way 
for a defense of his own belief in creation from nothing and made it 
more acceptable to those who had peeve lacked sufficiently pow- 
ents to reject an uncreated world. y 
eo of Daniae John of Damascus devoted chapters five 
to ten of the second book of his Orthodox Faith to the creation of the 
physical world. This was a small portion of the whole. m numerous 
places John presents various alternatives without explicitly choosing 
from among them. In describing the nature of the firmament, John 
declares: “Instructed by sacred Scripture, the divine Basil says that its 
substance is subtile—like smoke, as it were. Others say that it is 
watery because it was made in the midst of the waters. And others say 


128 Science and Religion, 400 e.c. to a.D. 1550 The First Six Centuries of Christianity 129 


that it is made from the four elements. Still others s: 
body and distinct from the four elements” 
211). In this instance, John 


mne chapter to each of the four elements: fire, 

$ an that Sacer Under fire, John discusses light and 
3 en ets, with special consideration given to the sun and 
‘a and astrological causation. “We say,” declares John, 
tars do not cause anything to happen, whether it be the pro- 
ae that are made, or events, or the destruction of things 
ae But John allows that the planets can serve as signs 
e but then concludes, “Nevertheless, habits are something 
4 own control, for, in so far as they are subject to the reason, 
Bay be controlled and cultivated by it” (John of Damascus 1958, 


John reports that “some have surmised that the heavens surry 
the universe and have the form of a sphere which is everywhere 
highest point, while the center of the space enclosed by it is the |g 
est point” (John of Damascus 1958, 211). John goes on to elal 
that “the heavens have seven spheres, one above the other,” presi 
ably a reference to the seven planetary spheres (Moon, Me 
Venus, Sun, Mars, Jupiter, and Saturn), excluding the outermost 
sphere of the fixed stars. Following Basil, John declares: “The sub 

stance of the heavens is very subtile, like smoke, and that in each one 
of the spheres is a planet” (John of Damascus 1958, 212). But then, 
John mentions another interpretation, one in which “others... have 
imagined the heavens to have the form of a hemisphere, because the k: ya 
inspired David says: ‘Who stretchest out the heaven like a pavilions treatises were Saint Ambrose and Saint Augustine. Ambrose com: 
[Ps. 103:2] which means a tent; and the blessed Isaias: ‘He that estab. his around 387, the very veh baptized Saint Augustine into 
lisheth the heavens like a vault’ (Isa. 40:22 (Septuagint)]” (John of 4 Christian Church in the city of Milan. A f 
Damascus 1958, 212-213). John does not choose Pe A the m in i Ambrose Like most church fathers, Ambrose did not es 
terpretations, resting content to assert that “whichever way it may be, integrated philosophical and scientific analysis of the cen ae 
all things have been made and established by the command of God cussed a whole series of topics that he felt were important to his au 
and have their foundation in the divine will and desire” John of ence. In the first homily concerned with the first day, Ambrose one 
Damascus 1958, 213). Most Christian commentators opted for spher- tions different interpretations by philosophers about the status ei A £ 
ical heavens, which were an integral feature of Greek cosmology and world. Some, like Aristotle, said the world is eternal; others, like Plato, 
astronomy. said the world did not always exist in the past bul will always mie in 

John considers whether certain biblical passages that seem to at- the future; Democritus said there are innumerable worlds (Ambrose 
tribute animation to the celestial bodies are to be taken literally. In- 1961, 3—4). Ambrose presents the standard Christian response. ees 
deed, he also cites passages in which the earth and the sea are made declared, “In the beginning God created heaven and earth,” an: fhe 
to seem animate, for example “Let the heavens rejoice, and let the Moses “linked together the beginnings of things, the Creator of t z 
earth be glad” (Ps. 95:11) and “The sea saw and fled” (Ps. 113:3). These world, and the creation of matter in order that you might understanı 
lines and many that are similar are not to be taken literally because, that God existed before the beginning of the world or that Eam 
as John puts it, “Scripture can personify inanimate things and talk himself the beginning of all things” (Ambrose 1961, 5). Ami ae 
about them as if they were alive” (John of Damascus 1958, 214). makes no mention of a creation from nothing, but that may sempi S 

In the remaining chapters concerned with creation (bk. 2, chap. 7 by the linkage of the Creator of the world and the creation of matter. 


: if did not have much to say 
Ir rthodox Faith, john of Damascus 
A i. creation but apparently wished to convey some knowledge 
the physical aspects of that divine act to his readers in a trea- 
Hse that was not a commentary on the six days of creation. 
4 


The Latin Church Fathers on the Creation 


The two most important Latin church fathers to write hexameral 
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It is very unlil 
of ee as pea a moos $ ae understood the “creatia insists that the waters can indeed remain on the convex sur- 
Following Basil, Ambrose iz de A RET, n spherical celestial sphere, because “there are a great many 
5 regarded the heavens to be like s sea which are round in the exterior but are square-shaped 
and vice-versa. These buildings have high level places on top, 
e water usually collects” (Ambrose 1961, 53). 
rer citing biblical passages that speak of the sun, moon, and stars 
is, Ambrose considers the legitimacy of astrological predictions 
recasting. He cites Genesis 1:14: “Let them serve as signs and 
the fixing of seasons, days and years,” and Luke 21:25, where the 
d say's, “And there will be signs in the sun, moon, and stars.” But 
ose rejects astrological predictions at the outset when he de- 


ignores as irrelevant s 
he declares, “there shouldbe 
point with respect to What is 
tion to state what the text of 
that ‘he hangeth the earth a 


some men have attempted to set down the characteristics of birth days and 

he future state of each newborn child. Yet a prognostication of this sort is 
Poth vain and useless to those who seek it and is an impossibility for those 
Who promise it. What is so inane as to suppose that everyone should be con- 
vinced that he is what his birth has made him? No one, then, ought to change 
his condition of life and his habits or strive to become better, but rather re- 
‘main in that conviction. (Ambrose 1961, 135) 


eo Ambrose rejects Aristotle's incorruptible celestial 

> is would imply the incorruptibility of the heavens. But In keeping with the generally hostile attitude of the church fathers to- 
ward astrology, Ambrose was also an opponent of that ancient disci- 
pline, viewing it as a pagan study that falsely attributed independent 
powers to the individual planets and stars, as well as to the entire ce- 
lestial region. 

Saint Augustine Saint Augustine discussed ideas relevant to the 
creation in a number of treatises, but did so most extensively in his 
commentary on Genesis titled The Literal Meaning of Genesis, which he 
wrote sometime around 391 but left unfinished. In keeping with the 
Christian tradition, Augustine holds that God created the world from 
nothing. “But we must not suppose,” he explains, “that unformed 
matter is prior in time to things that are formed; both the thing made 
and the matter from which it was made were created together” 
(Augustine 1982, 1:36). Augustine reiterates this point in the next para- 
graph, declaring, “God created together both the matter which He 
formed and the objects into which He formed it.” Thus, God did not 
first create a formless matter, and then add the forms to shape that 


away, but m: rds wi 
oa y, y words will not pass away [Matt. 24:35)” (Ambrose 1961, 


Ambrose also rejected the famous Pythagorean claim that the ce 


musi that we do not hear because “we have become accustomed to 
at sound from the first moment of our birth” (Ambrose 1961, 50). 
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matter into objects, but at the outset created objects from, 
complete with their matter and form (see Figure 4.3), 

Augustine confronts an apparent inconsistency in the creation 
count. Genesis speaks of a creation spread over six days, but iy 
book of Ecclesiasticus (18:1) we are told, “He that lives forever ¢ 
all things together,” that is, simultaneously and even instanta 
To reconcile these seemingly conflicting alternatives, Augusting 
plains that God did indeed create all things simultaneously, butch 
to narrate the creation ona day-by-day basis, because “those Who cap 
not understand the meaning of the text, He created all things tog 
cannot arrive at the meaning of Scripture unless the Narrative pro 
slowly step by step” (Augustine 1982, 1:142). Pursuing this fur 
Augustine titles the next chapter (bk. 4, chap. 34), “All thin, 
made both simultaneously and in six days” (Augustine 1982, 
Grant 1994, 84-85). 


God made the world all at once, but he also made a “before” 


“after.” 


also created in the order described in Genesis. Thus, the world Was 
not only created in an instant, but that instant included a “before” and 


things created over the six days were all simultaneously created in the 
first instant of creation. They were all embodied in what Augustine 
called the “seminal reasons” (rationes seminales); that is, God created 
all things in seeds that would develop over the course of time in ways 
that God had specified. The six days of creation were, therefore, ân 
unfolding of these seeds into the great variety of beings that filt the 
earth. God created all things in the order described in Genesis, but he 
did so in an instant so that before and after were indistinguishable. In’ 
this account, Augustine reveals a firm belief that God created nature 
to function in a lawful manner, “Each species, then, with all its future 
developments and particular members, was created at the beginning 
in the appropriate seminal reason” (Copleston 1957, 77). Thus, God 
conferred upon nature a capacity for continuous development and in 
this sense seems to have given nature various powers for self- 
development. Augustine’s conception of a simultaneous creation of all 
things was probably the most widely held interpretation of the ere- 
ation during the Middle Ages. 
Augustine considered a number of topics about the physical uni- 
verse that were relevant to scripture. He accepted the spherical shape 
of the cosmos, despite the fact tha t, as we saw earlier, two biblical pas- 


Although all things were created simultaneously, they p 


“after” of all the events described in the six days of creation. The 


Figure 4.3. Using a compass, God designs the universe. From Seer este Na: 
tlonalbibliothek (Austrian National Library), Vienna, Latin MSS, MS. fol. tr. 
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sages gave prima facie reasons to believe otherwise. In the one, jp. 


heaven is likened to a stretched skin (Ps. 103:2), and in the other (aad 


40:22), it is described as shaped like a vault. Not only do these two 
terpretations have to be reconciled, but “it is also necessary that 

of these passages should not contradict the theories that may be su s 
ported by true evidence, by which heaven is said to be curved on all 
sides in the shape of a sphere, provided only that this is proved” (Aw 
gustine 1982, 1:59). To counter literal-minded biblical interpret 
Augustine explains how one can reconcile the literal meanings of 
these two passages with a spherical world. “If a vault can be Not onl 
curved but also flat,” he declares, “a skin surely can be stretched out 
not only on a flat plane but also in a spherical shape. Thus, for in 
stance, a leather bottle and an inflated ball are both made of skin” (Au- 
gustine 1982, 1:60). 

Topics that were not directly pertinent to salvation were regarded 
as irrelevant and not worth discussing. In this category, Augustine In- 
cludes the motion of the heaven, or firmament. If it is stationary, haw 
do the stars and planets, thought to be embedded in it, travel from 
east to west? “My reply,” Augustine responds, “is that there is a great 
deal of subtle and learned enquiry into these questions for the pur 
pose of arriving at a true view of the matter; but I have no further time 
to go into these questions and discuss them, nor should they have time 
whom I wish to see instructed for their own salvation and for what is 
necessary and useful in the Church” (Augustine 1982, 1:60-61). Au 
gustine explains that the scholars who have studied the matter “have 
concluded that if the stars alone were moved while the heavens were 
motionless, all the known phenomena observed in the motions of the 
stars might have taken place” (Augustine 1982, 1:61). 

Another theme that Augustine ignored concerned the shape of the 
earth. Whereas Basil mentioned the shape of the earth as a topic that 
Moses did not discuss and concluded that it was therefore not worth 
exploring, Augustine fails even to mention this important topic. 

Augustine was fascinated by the concept of time and wrote much 
about it, especially about its psychological nature. In his commentary 
on Genesis, he informs his readers that time began with the creation 
of the world. It began with the movement of the creatures God cre- 
ated. “It is idle to look for time before creation, as if time can be found 
before time” (Augustine 1982, 1:153). In his famous Confessions, Book 
XI, Augustine attempts to characterize our understanding of time, ex- 
plaining how we perceive its elusive and mysterious nature with re- 
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sect to past, present, and future. In his commentary on the creation 
tin Genesis, Augustine covered numerous topics on the phys- 
aspects of creation, though without the detail that Saint Basil sup- 


* Wwe can do no better in concluding this chapter than to cite D.S. 
Wallace-Hadrill’s judgment on the Greek church fathers, which ap- 
“fies to the Latin fathers as well and which elegantly reiterates the 
major theme of this chapter, namely that natural philosophy and sci- 
kss should not be studied for their own sakes but only to acquire in- 
sight into, and knowledge about, holy scripture. In short, they must 
only as the handmaidens of theology. “The Greek fathers,” 


Wallace-Hadrill begins, 


for all their intense appreciation of nature, for all their interest in the struc- 
ture and processes of nature and their insistence upon nature as a means by 
which God reveals his nature, nevertheless hold that god and nature are not 
identical, and that the mind must penetrate nature to find God. The beauti- 
ful, the useful, the intellectually fascinating, even the spiritually beneficial— 
all these characteristics of nature can, if allowed to become an end in 
themselves, distract the mind from its proper activity, the knowledge of God. 
Nature must not be permitted to make too great demands which might im- 

the forward movement of understanding. From this arises the tension, 
which is characteristic of Christianity from the New Testament onwards, be- 
tween deep appreciation of nature on the one hand and a refusal on the other 
hand to be side-tracked or delayed by its beauty. The fathers follow the New 
Testament closely in exhibiting a disturbing oscillation between world ac- 
ceptance and world renunciation. (Wallace-Hadrill 1968, 129-130) 


The attitudes espoused by the church fathers in the first six cen- 
turies of Christianity would undergo a significant change in the Mid- 
dle Ages. The first signs of that change appear in the early Middle 
Ages and come to maturity in the late Middle Ages. The interaction 
and intermingling of church doctrine and tradition with secular learn- 
ing lies at the heart of the significant changes that would alter West- 
em civilization. We must now describe this process. 


Chapter 5 


mi i 


The Emergence of a New Europe 
after the Barbarian Invasions 


Until the late twelfth century, knowledge of science and natural phi- 
“josophy in the Latin West was at a low level. Very little of Greek sci- 
‘ence had been translated into Latin, What was available in the Latin 
“language was largely drawn from handbooks and compendia that had 
been available since the Hellenistic period and which had undergone 
their own evolution in the Latin-speaking world. Up to this point, we 
have described the level of Greek science in late antiquity and the sci- 
‘ence and natural philosophy embedded in the commentary literature 
onthe creation account in Genesis, the so-called hexameral literature. 


THE LATIN ENCYCLOPEDISTS 


kt will now be useful to describe, briefly, the Latin literature that 
served as science and natural philosophy in the period between the 
first and twelfth centuries. Indeed, we have already mentioned the 
first-century Roman authors Seneca, Pliny, and Celsus, who were not 
Christians and whose works were available throughout the early and 
late Middle Ages. But a number of encyclopedic authors who wrote 
between the fourth and eighth centuries provided much of the knowl- 
edge about the physical world that sustained learning until the twelfth 
century. The most significant were Calcidius (fl. fourth or fifth century 
A.D.), Macrobius (fl. A.D. 400), Martianus Capella (fl. c. A.D. 365-440), 
Boethius (c. a.p. 480-525), Cassiodorus (c. A.D. 480-c. 575), Isidore of 
Seville (c. a.D. 560-636), and the Venerable Bede (a.D. 672-735). Of this 
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group, the last four were definitely Christians. Among the first 
Calcidius and Macrobius may have been Christians, although this je 
never been confirmed. No good arguments have been advanced He 
would Iead us to believe that Martianus Capella was a Christian ot 
he is customarily regarded as a pagan. ie 


Calcidius, Macrobius, and Martianus Capella 


Whether Christians or not, Calcidius, Macrobius, and Martian) 
Capella were neo-Platonists who wrote important encyclopedic a 
tises in Latin that served to transmit Plato’s cosmology to the Lai 
speaking world. Calcidius made the most significant contribution bi 
translating the first two-thirds of Plato's Timaeus from Greek into Latin 
and then adding his own commentary, which was approximately sj; 
times as long as Plato’s text. In this way, Calcidius passed on pie: 
mation about Plato’s views on the creation of the world and the World 
Soul, and also included much information about astronomy. His trans- 
lation and commentary were popular, and most medieval libraries 
possessed at least one copy (Stahl 1971a, 14-15). 

The only work relevant for science by Ambrosius Theodosius Mac- 
robius is his Commentary on the Dream of Scipio, which is actually Book 
VI of Cicero's Republic. Next to Calcidius’ Commentary on Plato's 
Timaeus, William Stahl regards Macrobius’ Commentary as “the most im- 
portant source of Platonism in the Latin West in the Middle Ages” (Mac- 
robius 1952, 10). Like so many commentators, Macrobius’ commentary 
is many times longer than Cicero's text—approximately sixteen times. 
Macrobius is important because nearly half of his commentary is de- 
voted to cosmology and astronomy. Macrobius, as did the ancient 
Greeks and almost everybody in his day, regarded the earth as a 
sphere located in the center of the world encircled by the seven plan- 
ets each in its own sphere. Much astronomical information—much of 
it mistaken—is incorporated into Macrobius’ commentary. Although 
it is not likely that Macrobius read Plato or Aristotle, he was a firm 
supporter of Plato and a severe critic of Aristotle. Macrobius derived 
most of his information about Plato from Porphyry’s Commentary on 
Plato's “Timaeus” (Macrobius 1952, 36). Macrobius’ Commentary was 
enormously popular because it ranged over so many topics and pro- 
vided information in an age when information was difficult to obtain. 

Martianus Capella was one of the key figures in the preservation of 
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jn the early Middle Ages. As is the case with most of these 
5 authors, very little is known for certain about Martianus 
early ‘s life. He was probably a rhetorician who, sometime between 
0 and 439, wrote an enormously influential treatise titled The Mar- 
A riage of. Philology and Mercury. The Marriage is an allegorical treatise 
describing the marriage of Philology and Mercury in heaven. The 
wedding involves seven bridesmaids, each of whom represents one of 
thesever liberal arts: grammar, rhetoric, and dialectic (or logic), which 
were known collectively as the trivium; and arithmetic, music, as- 
tronomy, and geometry, which were grouped together as the quadriv- 
jum, In the quadrivium, Martianus transmitted a great deal of 

jfic information. He seems to have written his treatise to serve 
as a textbook for schools. As with most authors who wrote on science 
‘and natural philosophy in the fourth to eighth centuries, Martianus 
derived his information from handbooks and certainly did not read 
the books of the famous authors he mentions. Although he wrote on 
geometry, Martianus did not know Euclid’s Elements; although he 
wrote on astronomy, he certainly did not know Ptolemy's works or 
the works of any other legitimate astronomer; and the same can be 
said for arithmetic and music. 

Martianus’ book has puzzled modern scholars. They are “at a loss 
toexplain how a book so dull and difficult could have been one of the 
most popular books of Western Europe for nearly a thousand years.” 
But surprisingly, medieval students seeking an introduction to the lib- 
eral arts found in “Martianus’ work a fairly compact treatise dressed 
in fantasy and allegory” and “were both charmed and edified by it” 
(Stahl 1971b, 21). In a time when books of any kind were scarce and 
difficult to obtain, Martianus’ Marriage served an admirable and es- 
sential service. He provided his readers with a descriptive account of 
the major subjects deemed essential for a proper education. The 
quadrivium of the seven liberal arts provided as much science as most 
students could have absorbed. Of the four sciences Martianus covered, 
scholars are generally agreed that his treatment of astronomy was the 
most learned and reliable. In it, he considers most of the conventional 
topics: “the celestial circles; northern and southern constellations; 
hours of daylight at the various latitudes; anomalies of the four sea- 
sons; and a discussion of the orbits of each of the planets, including 
the sun and moon” (Stahl 1974, 141). Indeed, Martianus declared that 
Venus and Mercury had heliocentric rather than geocentric orbits, a 
view that drew praise from Nicholas Copernicus in On the Revolutions 
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of the Heavenly Orbs ¢ 
versally accepted ger 
replaced it with the 
tem. 


1543). It was Copernicus who abandoney 
totle 


Ocentric system held by Aris 
le an 
now accepted sun-centered, or helo È 


Boethius 


Descended from an illustrious Re 

r oman family, i 

ae relevant to both the seven liberal arts and coe bee 
influential in both areas. Unlike most of his Christian Sigh Me. 
and predecessors, Boethius knew Greek and used that knon A 
ma five of Aristotle's logical works, ni oes 
pretation, Sophistical Refutations, Prior A; vali 

A nalyti ic 

also have translated Euclid’s Elements sides eae Ce 
a mda Boethius not only commented 

ut also wrote five independent treatise ic. When 

s on logic, 

gether, all of these works and a few others ANS known as a 


logic” (logica vetus), which, with its emphasis on rationality, served ag 
in as, 


a major source of intellectual activi 
ern civilization, 


reason and reasoned argument in the eleventh century. 
um of the seven liberal 


ee oe the ice tigation fails. Boethius began a trend that 
ators in the long theological tradition i 
l u of the 
Ages: He applied some of the structural elements of Euclid’ pan: 


amely Categories, On Pal 


aps also a few waai 
on four logical val 
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; Jn his third theological tractate, known as Quomodo 
wine, Boethius enunciated nine axioms and definitions from 
‘drew a theological conclusion, just as a geometer might have 
metrical theorem. Like Saint Augustine before him, 
ss believed that the application of reason to theology was es- 
Henry Chadwick believes that in his third tractate on theol- 


the Latin West, above all else, the method of axiomatization, that is, 
zing an argument and making explicit the fundamental presupposi- 
and definitions on which its cogency rests. He taught his successors how 
try to state truths in terms of first principles and then to trace how partic- 

‘conclusions follow therefrom. The West learnt from him demonstrative 
d. (Chadwick 1981, 210) 


Boethius began a trend that would eventually revolutionize Chris- 


‘jan theology and transform it into a rationalistic and analytical dis- 
“Gipline that made late medieval theology different from anything that 
‘followed in subsequent centuries, as we shall see in chapter 7. But if 
Boethius made dramatic changes in the way theology was done, he 


was also a Christian who never intruded anything into his secular 
works on logic and the quadrivium that might suggest he was a Chris- 
tian. Most amazing of all is Boethius’ behavior after he was con- 
demned to death for treason by the emperor Theodoric in 524, As he 
awaited execution, Boethius wrote one of the great books in Western 
literature titled On the Consolation of Philosophy. In this final work, as 
he awaited death, Boethius gives no indication that he was a Christ- 
jan. On the Consolation of Philosophy was a lofty, influential philosoph- 
ical treatise, but one would much more readily infer that its author 
was a pagan than a Christian. 


Cassiodorus, Isidore of Seville, and the Venerable Bede 


Cassiodorus, Isidore of Seville, and the Venerable Bede were also 
important contributors to the modest storehouse of scientific knowl- 
edge that was available to those who lived during the low point of 
Western civilization. Author of numerous works, Cassiodorus 
founded a monastery called Vivarium. The primary objective of the 
monks at Vivarium “was to serve God by studying and copying the 
scriptures, the works of the Church Fathers, and the classics of antiq- 
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uity” (Thomas 1971, 109). The most famous of Cassiodorug’ wi 
the Introduction to Divine and Human Readings, divided into two f 
The first describes how to study scripture and emphasizes the 
of the seven liberal arts in arriving at spiritual truth. The second 
is devoted to the seven liberal arts, with the greatest emphasis Z 
on rhetoric and dialectic in the trivium and on arithmetic ang mi 
in the quadrivium, with little attention paid to geometry and astro 
omy. Not surprisingly, Cassiodorus drew heavily on standard tradi- 
tional handbook sources. His praise of the seven libera] arts and | 


centuries to study those disciplines, 

Isidore of Seville lived during the turn of the seventh century. He 
was born into a prominent family in Roman Spain. In 599, Isidore Suc 
ceeded his brother, Leander, as bishop of Seville. Isidore wrote exten: 
sively on scripture, theology, history, and science. He composed two 
treatises relevant to science that were subsequently influential, The 
earlier, titled On the Nature of Things (De natura rerum), is essenti 
about cosmology and is divided into forty-eight chapters, Numerous 
astronomical topics are discussed, among which are the parts of the 
world, the planets, eclipses of sun and moon, the celestial waters, ay 
obviously biblical theme, and the course of the stars. Also included 
are discussions of the earth and its parts, as well as various meteoro- 
logical phenomena. On the Nature of Things was an encyclopedic work 
about the physical world, covering themes that one could find dis- 
cussed in the handbooks that had become integrated into the Roman 
encyclopedic traditions best exemplified by Seneca and Pliny. 

Much more famous than On the Nature of Things was Isidore’s more 
expansive encyclopedic treatise, the Etymologies. As one author puts 
it, the Etymologies 


briefly defines or discusses terms drawn from all aspects of human knowl- 
edge and is based ultimately on late Latin compendia and gloss collections. 
The books of greatest scientific interest deal with mathematics, astronomy, 
medicine, human anatomy, zoology, geography, meteorology, geology, min- 
eralogy, botany and agriculture. Isidore’s work is entirely derivative—he 
wrote nothing criginal, performed no experiments, made no new observa. 
tions or reinterpretations, and discovered nothing—but his influence in the 
Middle Ages and Renaissance was great, (Sharpe 1973, 27) 


Indeed, Isidore also treated the seven liberal arts, theology, and the 
church, as well as numerous other topics. As its name implies, the Ety- 
mologies is a dictionary, but not presented in alphabetical order. Rather, 


discussion of them encouraged many scholars in subsequent medielal l 
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words within the context of a topic or theme and gives 
“aning. Unfortunately, many of Isidore’s word derivations are 
me In Book TI, Isidore treats the four sciences of the 
Peasy Bee aithameti, geometry, music, and astronomy, in that 

ari old, he devotes Seventy-one very brief oo t the ae 

i ith astronomy at greatest length apters 24 

Be eel of it from his earlier On the Nature of Things. Isidore 
Baper 29 “On the Universe and its name.” In this one- 


aph chapter, Isidore says: 


i d earth 

i is that which is made up of the heavens ani 
anes Se ake Weevehly bodies. And it is called mundus for the Oe 
£ SAA always in motion (motus). For no repose is granted to its ele- 


ents (Grant 1974, 12) 


ivation of mundus from motus is absurd. t k 
E Be a ers, Isidore gives tidbits of information about dee 
o ts of the cosmos, primarily planets, especially the sun an 
p cers and comets. Lynn Thorndike estimates that “Isidore con- 
ae superstitious matter even proportionally to his meager con- 
eran Pliny does in connection with the virtues of animals, plants, 
a stones” (Thorndike 1923, 1:626). Although Isidore was an mo 
enal compiler of facts and misinformation, his ME wasa SRS : 
i ion” i ‘hen all forms of knowledge were in 
of “information” at a time wh c eee 
7. Isidore’s Etymologies is a glaring reminder gc 
Aet iof seer had reached a deplorably ew ioe ae ares 
ledge, which Isidore describes in | 
noteworthy that the secular know! 4 r ona 
influenti: i d in a way that fails to 
two ential works, is presente | foennat 
j thor in the Greco-Roman tra 
Isidore from any secular, pagan auth¢ z ki 
i igi tural, he will, of course, sp 
Where the theme is religious or scriptural, seein 
i ledge of theology and religi 
about these matters and use his know! He a 
i i jects that are about the physical cosm: 
to do so. But in topics and subjects ee eee ee 
its many aspects, he simply uses relevant materi v 
ae foes se attempt to use such eee as a stepping-stone 
the introduction of religious or theological ideas. 
aa Venerable Bede was born in England and at a age x een 
iven over to the abbot of Wearmouth monastery c 
the double yensctery of Wearmouth and Jarrow, ee TE a 
i g ime,” Bede wrote in in = 
of his life at Jarrow. “From that time, r ee 
jastic is i th, “spending all the day: 
tical History), four years before his deai 
Sori in ee at that monastery, I devoted myself wholly to 
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differences in times of tides at different points along the same shore. 
enon must have been common knowledge among fisherman 
ers, but, in any case, Bede's statement is the earliest record of the 
š principle of the “establishment of a port.” (Stahl 1962, 232) 


5, ” (Jones 1970, 5 

Bede, the library at the monastery was excellent te 
enabled him to write treatises on scii ; 
numerous writings, Bede sought to 
Ea most famous treatise is The Eccle 
ton. 


' “establishment of the port” (or “establishment of a port”) 
been described (e.g. by Duhem) as the only original formulation 
sfrature to be made in the West for some eight centuries” (Jones 1970, 


WESTERN EUROPE AT ITS NADIR 


“There were other lesser authors who contributed to the overall stock 
pf early science and natural philosophy. But those whose contribu- 
tions I have briefly summarized were the most significant and repre- 
gent the level of science that was attained during the fifth to eighth 
centuries: That it reached even this relatively low level of scholarship 
js rather remarkable when one considers the great societal changes 


cal eae such as the seas, thunder, and comets. 
So many other early Christian auth ; 
1 y arly ors, Bede was inte i 
science as an aid to Christian understanding. Toward this a i 


Chapter 1 presents the mai s 
oning, a practice which Sa and almost unique account of early finger reck- 


that were underway as a result of the barbarian invasions that had 
‘begun in earnest in the fourth century and continued until the tenth 


century. From the fourth to the seventh centuries, the greatest danger 

came from the Germanic tribes who placed northern Europe in jeop- 

ardy. And when it seemed that Europe might settle down and con- 

Solidate in the eighth century under the rule of Charlemagne, his 

death in 814 ended the centralization tendencies that had been un- 

derway, and accelerated the emergence of feudal lords that splintered 

Europe into small principalities. As if that were not enough, the 
scourge of the Norsemen, or Vikings, began in the late eighth century 
and continued on into the tenth century. Over the course of the eighth 
to tenth centuries, the Vikings invaded at many places in Europe, in- 
cluding France (they besieged Paris in 885-886), the Low Countries, 
Britain, Ireland, and Spain. In France they came to be called Normans, 
and under that name invaded Sicily and southern Italy in the eleventh 
century; as warriors known as Rus, the Norsemen invaded Russia in 
the East and, at the least, left their name as a legacy. 

The continuous series of barbarian invasions left Roman civilization 
in the West in a state of serious decline. The tradition of a centralized 
Roman government had virtually disappeared, replaced by fraction- 
alized feudal kingdoms. Fortunately, the Germanic and Viking in- 
vaders settled down in Europe and merged with the native 
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Populations. indeed, the Vikings were so thoro A 

the native populations of the lands they invades area 
ally no trace of their culture and language. As one a eS 
scribed it, “after the thieving and the Killing and the Ja; s has 
[the Norsemen] farmed and gradually becam ind-taking ihe 


Scotsmen, Frenchmen, and Slays” (Logan m3, ae iri 


THE NEW EUROPE IN THE TWELFTH CENTURY 


By the eleventh and twelfth i 
centu: 
peoples and customs that had eai 


s ‘ged that differed d: i 
pite, although it inherited much pi fee om 
point of the relations betw > empire. 


crease in agricultural output, 
; With greatly increased food supplies, 
ically. Europeans founded hundreds ol 
began to populate areas of Europe, 
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decline, cities became a powerful force in the cultural, reli- 
mic, and political life of Western Europe. Between the 
d thirteenth centuries, Europe developed a money economy 
the commercial activities of the new cities. 
economy grew and the cities developed, relations between 
sp and state were also significantly altered. From the outset of 
anity, it was assumed (as we shall see in chapter 8) that church 
te were separate from one another, and each was supreme in 
yn domain. But throughout the early Middle Ages, each sought 
inate the other whenever an opportunity presented itself. From 
“sixth to the eleventh centuries, however, it was the state that im- 

d its will on the church, Secular rulers—kings and powerful no- 
“ples—often appointed the higher clergy—bishops and abbots. Indeed, 
‘ jointees were often relatives of the secular rulers. Moreover, sec- 
ular rulers often assumed the authority to invest new church ap- 
pointes with a double investiture, ecclesiastical and temporal, when 
hey should only have conferred the temporal investiture and left the 
ecclesiastical investiture to a high church official. 

All this changed in the first quarter of the eleventh century by virtue 
of the Investiture Struggle (a.p. 1075-1122), which began with Gregory 
VIl, who was pope from 1073 to 1085. The Investiture Struggle was a 
conflict between church and secular authorities over control of church 
offices begun by Gregory when he proclaimed supremacy of the 
church over the state in a document he wrote in 1075, known as the 
‘The Pope's Dictate (Dictatus Papae). In that document, Gregory asserted, 
among numerous similar statements, that “of the pope alone all 
princes shall kiss the feet” (Thompson and Johnson 1937, 379), and 
that he had the authority to depose emperors. 

What Gregory VII began culminated in 1122 at the Concordat of 
Worms under the pontificate of Calixtus II, a French pope. Under the 
terms of the Concordat, the Holy Roman Emperor agreed to take no 
part in spiritual investiture and to allow free ecclesiastical elections. 
Because the consequences of this agreement were of great significance, 
Scholars have come to label the subsequent period of the papacy as 
the Papal Revolution (Berman 1983, 85-119). Freed from domination 
by secular rulers and officials, the papacy was now in control of its 
own clerical members. It quickly evolved into a powerful, centralized 
bureaucracy. Of the greatest importance in this momentous develop- 
ment was the fact that literacy was concentrated in the church. This 
was a powerful tool for exercising its power. Harold Berman declares 
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id not be applied to revealed truths—for example, the doc- 
af the Trinity and the Eucharist, which were regarded as beyond 
anding of reason. 

an Scotus Eriugena’s emphasis on reason was given institutional 
jp eleventh-century Europe with the development of the cathe- 
“chools that emerged in various European cities. In the late eighth 

, Charlemagne decreed that cathedrals and monasteries were 
blish and support schools to educate boys, with the hope that it 
id provide educated priests for the church. Viking invaders and 
intruders into Charlemagne’s Holy Roman Empire greatly hin- 
the implementation of this decree. In 1079, however, Pope Gre- 
VIl issued a papal decree that ordered cathedrals and monasteries 
establish schools to educate and train priests. Gregory's decree had 
jjgnificant impact. Cathedrals, which were located in population cen- 
ters, were thereafter expected to provide their clergy and others with 
free instruction in Latin and in the liberal arts. By the eleventh century, 
the cities of Paris, Orleans, Toledo, Rheims, Chartres, Cologne, and oth- 
_ershad cathedral schools that had become intellectual centers for both 
clergy and non-clergy. By this time, there were large numbers of stu- 
dents in Europe who were eager for an education and were willing to 
travel long distances and endure many hardships to obtain it. At cathe- 
dral schools, they found libraries and other students who shared their 


desire for an education. 


From the eighth to the tenth centuri j 

3 nturies, the kind is 
son that Boethius exhibited made an arpea S pa 
ies and in the courts of Charlemagne and Charles the Bald 


Reason and the Challenge to Authority: 
John Scotus Eriugena 


The Emergence of Logic in Medieval Education 


The resurrection of Boethius’ old logic was a major impetus behind 
the application of reason to all kinds of problems in the late tenth cen- 
tury. Although the old logic had been around since the sixth century, 
few used it; and it was not really taught in schools. But in the late 
tenth century, Gerbert of Aurillac (c. a.v. 946-1003), who became Pope 
Sylvester II (a.p. 999-1003), gained great fame as a teacher of the seven 
liberal arts at the cathedral school of Rheims. He had a high regard 
for logic, or dialectic, as it was often called, and may have been the 
first to focus attention on the numerous treatises that comprised 
Boethius’ old logic. In the eleventh century, Gerbert’s students dis- 
seminated his love of learning and his teaching methods throughout 
northern Europe. As a consequence, logic became a basic subject of 
study in the cathedral schools of Europe. And, in the twelfth and thir- 


university curriculum, as we shall see, was such as to encourage this 
teenth centuries, would become ever more deeply entrenched in the 


tendency. There was, however, a limit to the application of reason; rea- 


Science and Religion, 400 s.c, to A.D, 1550 


curricula of the cathedral schools and th 
Why did this happen? Why should the 
such a central role in medieval education? 
“why it was that, from the time of Gerbert, this study 
usly attained in 


ly difficult to understang 


so that they pursued it 


(Southern 1953, 179). 
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sues, “anyone who charges that it is foolish to study this [art], 
3 hows himself to be a fool of fools” (John of Salisbury 1955, 
F ic came into being, says John, because 


was evident need of a science to discriminate between what is true and 
and to show which reasoning really adheres to the path of valid ar- 
ative proof, and which [merely] has the [external] appearance of truth, 
‘other words, which reasoning warrants assent, and which should be 
jicion. Otherwise, it would be impossible to ascertain the truth by 


g: Joha of Salisbury 1955, 76) 


ubject of study in the el 


treatise of philosophy ca 


but his most relevant treatise about education in 


general, and the seven liberal arts in particular, 


was his Metalogicon, 
eft no doubt that he 


against it.” Indeed, “since logic has such tremendous power,” John 


n argues that logic is to philosophy as the soul is to the body. With- 

the organizing principle of logic, all philosophy “is lifeless and 
ples.” And yet, despite his enthusiasm for logic, John also em- 
hasized its limitations. It was not to be studied as an end in itself, 
Li only to better understand other subjects. Most importantly, logic 
and reason should not be used to elucidate divine mysteries, such as 
‘the Trinity. This would be to reach beyond our level of comprehen- 
sion. In this sense, John of Salisbury reflects the more traditional atti- 
ude of scholars and theologians. 

Where John of Salisbury chose to reject the application of logic and 
reason to articles of the faith, others followed a different path, one that 
eventually made the application of logic and reason to the divine mys- 
teries a common occurrence. The apparent power of logic and rea- 
soned argumentation encouraged some early medieval authors to 
apply these powerful tools to theology, especially to the revealed 
truths of the faith, which were the focal points of medieval Christian 
theology. The application of reason and logic to revelation, and to the- 
ology in general, is a significant part of the medieval struggle between 
faith and reason, or, in its broader context, the relations between sci- 
ence and religion. There were indeed other important facets of the re- 
lations between science and religion in the late Middle Ages, but the 
‘interaction of reason and revelation appeared even before the intro- 
duction of Aristotle’s natural philosophy in the mid-twelfth century, 
and the subsequent transformation of medieval natural philosophy. 
We already saw the attitudes of various church fathers to the appli- 
cation of secular science for the better understanding of scripture. In 
the eleventh century, a few theologians deliberately sought to apply 
teason to revealed truths that were usually regarded as beyond the 
Powers of human reason. Although the application of reason to reve- 
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The Role of Reason in Theology: Berengar of Tours 


of Canterbury, and Peter Abelard Aes 


ready ; 
g root as an insi 3 
ology. Berengar of Tours (c. A.D. 1000-1088) believed teen 


r rengar clashed with traditi 
the old logic, he insisted that reason could not si 
een can exist apart from a substance, 
trine, which holds that the accidents of the bı 
trin read no lony i 
in it after the consecration; that is, because the bread pa 
ists, its accidents can no longer inhere in it, but must cae a 
prndoniy. Berengar found this illogical and assumed that the pi 
a = bread continued to exist with its accidents still inhering in it, 

© then assumed that a second form, which i ist, is 
added to the form of the bread, POdY of Christ, ig 

Berengar clashed with Lanfranc of Bi 

3 c ec (a.D. 1010-1089), an ltal ja 

pee died as archbishop of Canterbury. Lanfranc was not ie 
of logic but, like John of Salisbury, opposed its application to the mýs- 


a person blinded by madness” (Holopainen 1996, 109). In the same re- 
buttal of Lanfranc, Berengar declared that “to have recourse to di- 


{O = 


qs had Saint Augustine, that in order to understand the faith, one 
" had first to be a believer. Reason presupposed faith to gain under- 
“standing, Anselm thought it essential to explain in rational terms 
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doctrine upheld by the church, but he strongly believed that 
reason was essential for understanding them properly. 
both Berengar and Lanfranc regarded logic, or dialectic, as 
t, but the former was prepared to apply it to articles of the 
‘while the latter was not. Those who had learned and used logic 
divisible into two groups: those who were prepared to use logic 
dy articles of the faith, and those who were not because they re- 
itas improper “to submit the mysteries of faith to the rules of 
al reasoning” (Gilson 1955, 615, n. 41). In general, it seems that 
seach theologian, the proper use of dialectics was the one which he 
was making of it” (Gilson 1955, 615, n. 41). 
jore than anyone else, Anselm of Canterbury (A.D. 1033-1109) 
ced the cause of those who wished to apply reason to theo- 
| problems. Following a sojourn as prior and then abbot of the 
Abbey of Bec, Anselm became archbishop of Canterbury in 1093. 
‘Mong with many like-minded theologians, Anselm firmly believed, 


‘what he believed on faith. He wrote two major theological treatises, 


‘the Monologitim and the Proslogium. The three proofs of God’s exis- 


tence in the former treatise and the famous ontological proof in the 
latter are based solely on reason and do not involve appeals to scrip- 
ture or revelation. The Monologium is a remarkable treatise because, 
as Anselm informs us, it was requested by Anselm's fellow monks 
with whom he had discussed the being of God and other topics. The 
form of their request is, however, quite unusual. In Anselm’s words, 
they asked “that nothing in Scripture should be urged on the au- 
thority of Scripture itself, but that whatever the conclusion of inde- 
pendent investigation should declare to be true, should, in an 
unadorned style, with common proofs and with a simple argument, 
be briefly enforced by the cogency of reason, and plainly expounded 
in the light of truth” (Anselm 1944, 35). Thus, the monks requested 
that Anselm avoid appeals to scripture and use only reason to 


demonstrate truths of faith, especially the existence of God. In both 


treatises, Anselm used only reason, arguing as if he had never heard 
of Christianity. The most famous example of Anselm's use of reason 
is his controversial ontological proof. Here is a modern philoso- 
pher’s summary of it: 
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i, 
ity. But if thig 
then another can be thought of 
that is, it is greater (by existence) than th a 
no greater can exist. But this is a contradiction in terms. 
than which no greater can be conceived exists both in 
ity. (Knowles 1962, 103) 


e one 
. Therefore the. 
the mind ang in 


Philosophers have argued about the ys 
’s ontological Proof for the existes 
portance. 


ology, did not use reason to challenge church doctrine, as he indicates 
in this statement: “1 will never be a philosopher, if this is to speak 


if this were to separate 
me from Christ” (Knowles 1962, 123). Like Anselm, Abelard was also 


authority as supreme, but 
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Figure 5.1. Peter Abelard. 


above i i i is those reasonings 
ll with philosophical reasonings. It is tl 

which Me eael Toa into and I believe that no ore om 

fully understand them without applying himself to pene ue an 

especially to dialectical studies” (Luscombe 1988, 294, n. A PA 
With this attitude, Abelard applied logic and reason to the ai 
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of faith. In his autobiography, The Story of My Misfortunes (Hig 
calamitatum), Abelard explains that he wrote a theological treat). 
the divine unity and trinity for his students, “who were agki, 
human and philosophical reasons and clamouring more for Ww 
could be understood than for what could be said,” His students 3 
apparently agreed that “the utterance of words was superfluous 
less it were followed by understanding, and that it was ridi 
anyone to preach to others what neither he nor those taught 
could accept into their understanding” (Luscombe 1988, 293), 

Abelard was driven to understand whatever he was asked to ap 
cept, and he wanted his students and others to do the same, To ills 
trate his great desire to study all questions in theology from all. 
relevant aspects, Abelard wrote his most famous treatise, Yes and Ng 
(Sic et Non). Because he wanted his students to approach all questions 
in a critical spirit, Abelard presented a series of theological questions. 
in which alternative answers were Presented for each question, In 
order to elicit conflicting responses to the questions, Abelard framed 
each question in such a way that both yes and no answers were oy. 
pected. He usually ended each question with “and the contrary” (ep 
contra) or “and not” (et non). Among the questions he considered, in 
their original numbering, are 


1. That faith is to be supported by human reason, et contra. 
32. That to God all things are possible, ef non. 


141. That works of mercy do not profit those without faith, et contra, 
145. That we sin at times unwillingly, et contra. 

154. That a lie is permissible, et contra. 

157. That it is lawful to kill a man, et non. (Haskins 1957a, 354-355) 


In his response to each question, Abelard presented the most im- 
portant affirmative and negative arguments, drawing most of them 
from the church fathers. In presen ting arguments on both sides of each 
question, Abelard drew attention to the many differences of opinion 
among the church fathers. One could see at a glance that they were 
often in serious disagreement with one another. Many thought 
Abelard had subverted the church by focusing on such discrepancies. 
After all, if the church fathers could not agree on many of these sig- 
nificant doctrinal questions, what were the faithful to think? Abelard. 
explains his intent at the conclusion of his prologue to Yes and No: 
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neies which these texts seem to contain raise certain questions 
“Fid present a challenge to my young readers to summon up all 
t houle P ilish the truth and in doing so to gain increased perspicac- 
fot me source of wisdom has been defined as continuous and pen- 
oe pi ,. The most brilliant of all philosophers, Aristotle, encouraged 
TAN a undertake this task with every ounce of their curiosity. In the 
a the category of relation he says: ‘It is foolish to make confident 
ts about these matters if one does nae devote a ee pan n ne 
: i tion every detail.’ By raising qu 
s e cp aE the EU and ae E Truth has in fact 
: issn and ye shall find; knock, and it shall be opened unto you 
sn, therefore, I adduce passages from the scriptures it should spur ied in- 
readers to enquire into the truth and the greater the authority of these 
en the more earnest this enquiry should be. (Piltz 1981, 82) 


ignifi hasizes ra- 

iş powerful and significant paragraph, Abelard emphas' 
es cetigation with his declaration that “by raising questions we 
1 in to enquire, and by enquiring we attain the truth. Abelard was 
icy aware of the pitfalls in the pursuit of truth by rational means. 


\In the same prologue, 


Abelard di how to compare what different writers say and how to ac- 
comt eae aa ofa oa which may take on different meanings in 
different contexts. It is essential to interpret troublesome texts and passages 
and to determine, to the extent possible, whether they are the result of a 
copying or poor translation, or due to the reader's ignorance. TÉ, after care! l 
analysis, two authorities still disagree, it is necessary to eean pea 
the other in the larger scheme of things. Nothing is exempted from t Ti A 
ordus inspection except the Bible and those pronouncements that the a 
has accepted as true. All other authorities and texts are open to criticism ant 
‘alysis in an effort to arrive at the truth. (Grant 2001, 61) 


Abelard was perhaps the most spectacular author in the twelfth cen- 
tury to rely on reason and logic in his analysis of theology and its 
claims and arguments. The twelfth century proved a significant pe- 
tiod for the advance of theology. But it did not come easily. 
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apparently holding God suspect, will not believe anything until he 
aned it with his reason. (Bernard of Clairvaux 1953, 328) 


's continuous attacks against Abelard resulted in a charge of 

ainst Abelard, who was condemned at the Council of Sens 
jl. Abelard was compelled to forego lecturing, and he retired to 
pnastery of Cluny, where he remained until his death. 


The Sentences of Peter Lombard 


though Peter Abelard and others were silenced by conservative 
ians, who still had influence and power to affect the course of 
gy, the days of the traditional theologians were numbered. The 
ion of reason and logic to theology was too important to be sti- 
ortly after the death of Bernard of Clairvaux, theology 
even monumental, impetus from the composition of 
by Peter Lombard (c. a.p. 1095-1160; see Figure EAk 
1158, Peter Lombard wrote a treatise titled Four Books 
‘pf Sentences, which became the basic textbook in all schools of theology 


o 
jn the Latin West until the seventeenth century. The four books into 


Which Peter divided his treatise were devoted to God, the Creation, the 
Incarnation, and the sacraments, respectively. Theological students 
were required to lecture and comment upon these four books. The term 
sentences in the title stands for the Latin word sententiae, or opinions. 
The opinions were drawn from the writings of the church fathers. 
Peter’s object was to organize these opinions as logically as possible, 
thus forming a new “systematic theology.” The church father upon 
whom Peter relied most heavily was Saint Augustine. Peter was not 
the first to write a theological textbook, but his collection of opinions 
displaced all others and became the standard work for theologians to 
study and master. Between 1150 and 1500, only the Bible was read and 
discussed more than the Sentences. 

Because the treatise was lectured and commented upon by all the- 
ology students, there is a very large body of extant commentaries on 
the Sentences, perhaps as many as 1,000, many of great length. Exam- 
ination of this body of literature indicates unequivocally that medieval 
theology was a systematic, rationalistic discipline. It also reveals that 
a great deal of natural philosophy was introduced into these com- 
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De A. Theuet, Liure III. 142 


PIERRE LOMBARD MAISTRE 
des Seatences. oe bp. NE 


Figure 5.2. Peter Lombard. (New Catholic Encyclopedia, 2003, TEIS 


EA This occurred largely because the second book was de- 
a é Creation, making it almost inevitable that commentators 
| would use Aristotle’s natural philosophy—especially his physics and 
| cosmology — to explain the Biblical creation. But logic was ae exten- 
sively applied in all four books. How commentaries on the Sentences 
illustrate the relationship between science and religion, or natural phi- 
losophy and theology, will be discussed in chapter 7. s i 


| ee 
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victory of the new theology was guaranteed with the intro- 
son into Europe of Latin translations of Greco—Arabic science and 
philosophy. Within this body of literature, Aristotle’s logic and 
ral philosophy played the crucial role that transformed both nat- 
philosophy and theology. 
ba 


THE BEGINNINGS OF THE NEW NATURAL 
PHILOSOPHY 


As theology changed in the first half of the twelfth century, so did 
natural philosophy. Dramatic changes began even prior to the intro- 
“duction of Aristotle’s works, which impacted medieval thought in the 
second half of the twelfth century and had their full impact in the thir- 
 jeenth century. The changes in natural philosophy prior to the trans- 
mission of Greco-Arabic science into the Latin West were parallel to 
those that occurred in theology, and which were just described. That 
is, natural philosophers began to question authority; they sought to 
interpret nature in rational terms and accepted traditional authorities 
only if they passed the test of reason. The two most significant twelfth- 
century natural philosophers were Adelard of Bath (c. A.D. 1080-1142} 
and William of Conches (d. after a.D. 1154). 
Adelard of Bath traveled in the Middle East and learned enough Ara- 
bie to translate Euclid’s Elements and al-Khwarizmi‘s astronomical ta- 
bles from Arabic to Latin. The most important of Adelard’s works in 
natural philosophy is the Natural Questions (Quaestiones naturales), writ- 
ten around 1116. The treatise is in the form of a dialogue between Ade- 
Jard and his unnamed nephew. The nephew, who often makes foolish 
Statements, poses question after question to Adelard, who patiently an- 
Swers them, as a good uncle should. The questions range over plants, 
animals, the elements, man, physics, meteorology, and astrology. Ade- 
lard compares authority to being led around by a halter: “For what 
should we call authority but a halter? Indeed, just as brute animals are 
led about by a halter wherever you please, and are not told where or 
why, but see the rope by which they are held and follow it alone, thus 
the authority of writers leads many of you, caught and bound by 
animal-like credulity, into danger” (Dales 1973, 41). He denounces 
gullible, contemporary readers, “who require no rational explanation 
and put their trust only in the ancient name of a title” (Dales 1973, 41). 
After his nephew sees a flaw in one of Adelard’s explanations about 
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ad to state an opposite view. For although greater than we, 
only human” (William of Conches 1997, 38-39). In agree- 
Sih Adelard, William firmly believed that God had created a 
universe that operated in a lawful manner. It was the task of 
J philosopher to discover the causes by which the universe 
Jnanother treatise, Gloss on Boethius, William denies the util- 
ture in natural philosophy. He argues that some priests be- 
only what they find in the Bible and ridicule topics and themes 
‘gre absent from sacred texts. “They don’t realise,” William ex- 
that the authors of truth are silent on matters of natural phi- 
yy, not because these matters are against the faith, but because 
have little to do with the strengthening of such faith, which is 
t those authors are concerned with. But modem priests do not 
us to inquire into anything that isn’t in the Scriptures, only to 
ave simply, like peasants” (Stiefel 1985, 86). 
With William of Conches and Adelard of Bath, natural philosophers 
m to subject their interpretations to the test of reason and logical 


analysis: Traditional authorities had to pass the test of reason before 
heir explanations were accepted. Because they rarely invoked scrip- 


tural authority, the new natural philosophers did not include appeals 


jo the Bible. There was little of religious content in their treatises about 


the workings of nature. 
The historical developments described in this chapter may be 


viewed as a two-track evolution that challenged authority in two dif- 
ferent, but sometimes related, domains. One track is represented by 
theology, to which the application of reason is limited only by revealed 
fruths, which were beyond the scope of reason; the other track was 
that of natural philosophy, which was limited by certain fundamen- 
tal truths associated with the biblical creation account, but not by re- 
vealed truths, with which it was not concerned. 

‘The two tracks were destined for dramatic changes produced by 
momentous events in the twelfth century that changed the character 
and depth of natural philosophy in ways that came to seriously affect 
both theology and natural philosophy and their interrelations. The 
great weakness of twelfth-century natural philosophy—the kind of 
philosophy produced by Adelard of Bath and William of Conches— 
was its shallow and meager base of knowledge. But even as Adelard 
and William were writing their treatises, a massive change was un- 
derway that would transform Europe’s intellectual culture. European 
scholars began to translate Greek and Arabic treatises into Latin, trea- 
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Chapter 6 


e Medieval Universities and the 
Impact of Aristotle's Natural 
Philosophy 


the end of the eleventh century, Christian Europeans were well 
aware that the Arabs in Spain and Sicily had attained a far higher Jevel 
knowledge and expertise in natural philosophy and the sciences 

they had. Although they were undoubtedly aware of this long 
‘before the end of the eleventh century, their awareness was height- 
ened immeasurably after they captured Toledo and Sicily from the 
“Muslims in 1085 and 1091, respectively. Because both Toledo and Sicily 
were important centers of learning, Christians could directly witness 
the great disparity between their level of knowledge about the phys- 

ical world and that of the Muslims whom they had just conquered. 

They also knew that Greeks in the Byzantine Empire and in various 
parts of Europe, especially Venice, had philosophical and scientific 
treatises in the Greek language that were unknown in Western Eu- 
Tope. As word spread into all parts of Europe, scholars were drawn 
to both Greek and Arabic centers of learning to translate these texts 
into Latin, the language of learning in Western Europe. As a conse- 
quence, a massive translation of Greek and Arabic science into Latin 
began in the twelfth century and continued unti) the third quarter of 
the thirteenth century. 

‘Translations from Greek into Latin were preferred simply because 
Greek and Latin are cognate languages, and a more precise rendering 
could be made. Because Latin and Arabic are unrelated languages, 
misinterpretations were more likely to occur. But the essential objec- 
tive for all translators was the same: to transfer faithfully the mean- 
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own system of philosoph: i 
goer Philosophy and natural science would be constructed, (Ling: 


Although many scientific works in optics 

mathematics, and alchemy were Panes ae eee 

twelfth century, these works did not play a significant role in noe 
lations between science and reiigion during the late Middle Re i 
was Aristotle’s works on natural philosophy, and the comm ae s 
on those works by his great Muslim commentator, Aveno 
Rushd), that were, and remained, the focal point in the relatio o 
tween science and religion. The translations of Aristotle’s works’) < 
therefore of fundamental importance for the history of science an 
ligion in the Middle Ages. E 


THE TRANSLATIONS OF ARISTOTLE’S BOOKS ON 
NATURAL PHILOSOPHY 


Beginning in the twelfth century, Aristotle’ 
from both Greek and Arabic. a P bee 
ferred because it was the language in which Aristotle had written Bi 
treatises, The two greatest translators from Greek to Latin were james 
of Venice (d. after A.D. 1147), the first major translator of Aristotle's 
works from Greek to Latin, and William of Moerbeke (c. A.D. 1215-¢. 
1286), who was the last. James of Venice translated Aristotle’s Physics, 
On the Soul, the Parva naturalia, and at least part of the Metaph site He 
also translated the Posterior Analytics and other logical keatas (Dod 
1982, 54-55), which were regarded as the genuine Aristotelian texts for 
more than three centuries (Minio-Paluello 1973, 66). 

William of Moerbeke translated at least forty-eight treatises, in- 
cluding seven on mathematics and mechanics by Archimedes, trans- 
lated for the first time into Latin (Grant 1974, 39-41; Minio-Paluello 
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36-438). His Aristotelian translations are truly impressive. He 
first to translate Aristotle’s biological works from Greek into 
jn translating the rest of Aristotle's natural philosophy, Moer- 
found it useful to revise, expand, and even complete some ear- 
vp translations, including tevisions of at least three treatises 
ously translated by James of Venice. In addition, Moerbeke trans- 
Greek commentaries on Aristotle's works from late antiquity. 
„he translated John Philoponus’ Commentary on the Soul, and 
mplicius’ Commentary on the Heavens. One of the earliest beneficiar- 
jes of Moerbeke’s translations was Thomas Aquinas, who used the 
“translations of Aristotle's On the Soul and Physics, Simplicius’ 
Commentary on On the Heavens, Themistius’ Commentary on the Soul, 
“and others (Weisheipl 1974, 152). With Moerbeke's monumental con- 
ributions, all of Aristotle's natural philosophy was available by the 
Jast quarter of the thirteenth century in translations from Greek and 
bic. 
P aen many scientific works were translated from Arabic to 
Latinin the first half of the twelfth century by such translators as Plato 
of Tivoli, Adelard of Bath, Robert of Chester, Hermann of Carinthia, 
Dominicus Gundissalinus, Peter Alfonso, John of Seville, and others, 
the earliest translations of Aristotle's works on natural philosophy ap- 
pear to have occurred in Spain in the latter half of the twelfth century. 
By far the most prominent translator of Aristotle’s natural philosophy 
was Gerard of Cremona (c. A.D. 1114-1187), the most prolific transla- 
tor from Arabic to Latin of works on science, medicine, and natural 
philosophy. From a brief bio-bibliography that his students appended 
to Gerard’s translation of one of Galen’s medical treatises (Tegni or Ars 
parva), we learn that Gerard, unable to locate a copy of Ptolemy’s Alm- 
agest among the Latins, went to Toledo in search of that great astro- 
nomical treatise. Once there, Gerard not only found the Almagest, 
which he eventually translated, but, his students inform us, “seeing 
the abundance of books in Arabic on every subject, and regretting the 
poverty of the Latins in these things, he learned the Arabic language, 
in order to be able to translate” (Grant 1974, 35). And translate he did. 
In approximately thirty years, he converted seventy-one works from 
Arabic to Latin. What is remarkable about Gerard’s monumental ef- 
fort is the range of his achievements, which included works in math- 
ematics, astronomy, medicine, and alchemy; under the rubric of 
philosophy, he also translated most of Aristotle’s natural philosophy. 
Included among his translations are Aristotle’s Physics, On the Heav- 
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fo conclude on the basis of this fact that his knowledge of Aristo- 
“hazy and vague and inaccurate, for, contrary to the prevalent opi 
sa?) adents of the history of philosophy, the translations of Aristotle 
in Hebrew have preserved to a remarkable degree not only 
the text of Aristotle’s works but also the exact meaning 


Sprminglogy and forms of expression. (Wolfson 1929, 7) 


’ remarks about translations into Arabic and Hebrew apply 
y,and probably even more so, to translations of Aristotte’s texts 
Sia Latin. Once ‘Aristotle’s treatises on logic and natural philosophy 

re adopted as the basic curriculum in the arts faculties of medieval 
ities in the course of the thirteenth century, they became the 
nmon property of students and teachers over the whole of Europe 
sp almost four centuries. Students read similar Aristotelian texts at 
he Universities of Oxford and Paris, and the scholars who wrote com- 

those same texts confronted much the same 
and understood one another's interpretations and analyses, be- 
mon heritage of Aristotle’s works. We should, 
“however, keep in mind, as we have already seen that all the manu- 
scripts of Aristotle’s works were hand copied, making it inevitable 
that the different versions varied with small to large discrepancies. In 
eral, however, medieval natural philosophers seem to have agreed 
‘on the meanings and interpretations of Aristotle’s texts, although 
there were, of course, disagreements, as there still are today. 


issues, 
tause they shared a comi 


UNIVERSITIES IN THE MIDDLE AGES 


As the Middle Ages entered the thirteenth century, two great events 
intermingled to produce a monumental change in the intellectual life 
of Western Europe: Universities were already in operation by 1200 at 
Oxford, Paris, and Bologna, and the translations of many of Aristo- 
fle’s books on natural philosophy and logic were available and ready 
to serve as the basis of a new curriculum in the emerging universities. 
As evidence of this new relationship, as well as an early indication of 
the impact of the church on Aristotle’s natural philosophy, one may 
point to a decree in 1210 by the Parisian Synod, which declared, 
among other things, that “no lectures are to be held in Paris either 
publicly or privately using Aristotle’s books on natural philosophy or 
the commentaries, and we forbid all this under pain of excommuni- 
cation” (Maccagnolo 1988, 429-430). The prohibition of 1210 is a good 
indication that Aristotle’s treatises on natural philosophy, and perhaps 
also the commentaries by Averroes, were readily available, for other- 
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wise there would have been no need to ban Public and Private jo 
tures on their works. Although the University of Paris iş Not Soe 
cally mentioned in the decree, it is virtually certain that men 
public lectures is a reference to lectures at that university, 
Although Aristotle’s natural philosophy entered the 
Paris amidst controversy, the adverse reaction to his teachings y 
largely confined to that university and had little impact on the 
versities of Oxford and Bologna. During the course of the 
century, as the universities absorbed Aristotle’s natural Philosophy, 
rious tensions appeared from time to time between the arts and 
ological faculties of the University of Paris. Before describing th 


however, it will be useful to summarize the essential features of the 
medieval university, ? 


The university as we know it today has evolved from its first be. 
ginnings in the Middle Ages, when, as previously mentioned, it wag 


already in existence in three different places by 1200. In short, the uni 
versity is a medieval invention. Nothing like it had ever been deve}. 
oped in any preceding or contemporary civilization. The univers} 
did not appear on the scene full blown, but had an evolutionary his- 
tory that begins with cathedral schools, a class of schools sponsored 
by cathedrals that flourished in Europe during the eleventh and 
twelfth centuries. Cathedral schools were attended by students who 
came from all over Europe, often attracted by a famous teacher or by 
the reputation of the school. Students in Europe were prepared to 
travel and move from one school to another to study with this or that 
teacher or group of teachers. As universities emerged, they attracted 
students from all over Europe, who flocked to university cities, just as 
students had earlier clustered into cathedral schools. No university 
could be founded without a congregation of teachers and students in 
relatively large numbers, a set of conditions that apparently material- 
ized in cities like Paris, Oxford, and Bologna. Why these schools did 
not materialize in larger cities, such as London or Rome, is simply un- 
known (Riiegg 1992, 14). 

Students and teachers were usually foreigners in the cities in which 
they studied and taught, and they therefore lacked the rights and priv- 
ileges granted to the citizens of those communities. To strengthen their 
position in the communities and acquire rights and privileges to im- 
prove their situation as much as possible, the masters and students 
recognized the need for organization. To achieve their goals and en- 
hance their prospects, they formed themselves into a corporation, or 
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Figure 6. 
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tively conferred autonomy on all entities legally regarded as co 
tions. As educational institutions, the universities enjoyed auto 
and were thus able to control their own affairs. As members of 
university community, students and teachers enjoyed various p 
leges and were also expected to adhere to certain Testrictions, 
their legal autonomy, universities in the thirteenth and fourteenth 
turies were subject to some ecclesiastical influence and Pressure, b 
they were also recipients of ecclesiastical benefits, 

The corporate structure of the medieval university provided 
stantial stability and thus allowed the teaching of natural phil 
to develop as the basis of all university learning in the four facul 
that comprised a major university, namely arts, theology, medicine, 
and law (see Figure 6.2). The last three faculties constituted gradi 
level instruction for professional degrees in theology, medicine, and 
law. To matriculate for a degree in one of the: 
Prospective student was ordinarily expected to have acquired a Bach. 
elor of Arts degree as well as a Master of Arts degree, the latter cus. 
tomarily requiring two additional years of lectures and study beyond 
the four years required for the bachelor’s degree. It was while pursu- 
ing their arts degrees that future theologians, physicians, and lawyers 
acquired an unusual degree of familiarity with logic and natural 
losophy. For approximately four centuries, the aris faculty gave all 
university students a common intellectual experience and a common 
intellectual heritage. Whatever their future careers might be—whether 
as professors in arts, as practitioners or Professors of theology, law, or 
medicine, or as clerks in royal courts or municipalities—all students 
acquired a basic knowledge of logic and natural Philosophy, subjects 
that were valued for their own sakes and also regarded as useful, if 
not indispensable, in the higher disciplines of theology, law, and med- 
icine. 


TYPES OF LITERATURE IN NATURAL PHILOSOPHY 


Medieval natural philosophers developed three basic formats for 
presenting their subject. Two of the three formats were directly related 
to Aristotle’s works in natural philosophy. The third was concerned 
with topics about subject themes in natural philosophy that were in- 
dependent of Aristotle’s natural philosophy, although Aristotle may 
have briefly discussed some of those themes. For example, lengthy 
treatises were composed on such subjects as whether the celestial mo- 
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or would sometimes include a section of text and then ex 
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lieu of the full text, only the first few words of each section 
ted, after which the author would discuss that section and 
ssent the next few words of the next section, and so on through 
re treatise. The few words of each section were simply guide 
is to cue the reader into the section under discussion. Occasion- 
aphrases were made of Aristotle’s text, or Aristotle's text and 
author's opinions were intermingled. 

far the most important type of literature in medieval natural phi- 
y was the second format, which took the form of questions. The 
ns treatise was an outgrowth of oral disputations that were 
dby students and teachers in the classroom. In these disputations, 
teaching master proposed a question for his class. Students were 
en to defend the affirmative and negative sides. After the pres- 
satation of both sides, the master was expected to resolve, or “deter- 
mine,” the question by proposing a solution. This became the skeletal 


“fame of all questions that were included in questions treatises, or 


sstiones as they were called in Latin. The structure of the typical 
Written question was patterned after the following six-step outline: 


1, Statement of the question, which usually began with the word “whether” 
(utrum in Latin). For example, the author asked: “whether the earth is 
spherical"; “whether there are four elements, no more nor less”; or 
“whether lightning is fire descending from a cloud,” and so on. 

2 Arguments opposed to the author’s position, usually referred to as the 
“principal arguments” (rationes principales). 

3. Assertion of one or more opinions opposed to the principal arguments, 
often accompanied by an appeal to a major authority, usually Aristotle. 

4. Clarification about the meaning of the question or any of its terms; an op- 
tional step. 

5. Author’s main arguments, which were presented in a variety of ways. 
Sometimes the arguments were given as ordinally numbered conclusions 
(conclusiones); other times they were not identified as conclusions, but were 
numbered ordinally; or they were left unnumbered, but presented one 
after the other. 

6. Brief refutation of each of the principal arguments presented in the second 


step. 


Medieval natural philosophy was made up of hundreds of ques- 
tions similar to the three included in the first step. Most were straight- 
forward, based on Aristotle's descriptions of the structure and 
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958, the ban on Aristotle's natural philosophy had apparently 
as is obvious from a list of texts for that year revealing that all 
jotle’s treatises were used in lecture courses at the University 
Even prior to 1255, Roger Bacon had been giving public lec- 
on Aristotle’s natural books at the University of Paris, perhaps 
rly as the mid-1240s. Aristotle's books would never again be 

in Europe during the rest of the Middle Ages. Indeed, they 
re i s armly welcomed. Nevertheless, more difficulties lay ahead, 
duced such questions Tse ae es Touma tc -whid Bos Wok another form. Instead of banning Aristotle’s texts out- 

© described. , or attempting to eliminate offensive material from those texts, 

ical authorities instead chose to condemn certain ideas that 
regatded as dangerous or threatening to the faith. During the 
and 1270s, conservative theologians, among whom the most em- 
t was Saint Bonaventure (John Fidanza) (A.D. 1217-1274), 
ched a second major assault in what ultimately proved a vain ef- 
to curtail the influence of Aristotle. 
A sense of frustration was already apparent by 1270, when tradi- 
tional theologians prevailed upon the bishop of Paris, Stephen (Eti- 
enne) Tempier, to condemn thirteen articles that were derived from 
the writings of Aristotle and Averroes, an act triggered by the activi- 
ties of two famous arts masters in the 1260s, Siger of Brabant (c. A.D. 
1240-d. c. 1284) and Boethius of Dacia (d. c. a.D. 1284). Siger and 
Boethius were dedicated followers of Aristotle and his Islamic com- 
mentator Averroes. They adopted some of the more extreme Aris- 
totelian interpretations of Averroes, which included, among other 
ideas, “that the world is eternal, that terrestrial events are subject to 
the movement of the heavenly bodies, that there is only one human 
intellect, that there is no free will or choice, and that the soul is de- 
sttoyed with the body and is unable to suffer punishment” (Asztalos 
1992, 424). All of these views were contrary to Christianity and were 
included among the thirteen articles condemned by Bishop Tempier 
in 1270, 

Although, as we shall see, the condemnation of the thirteen articles 
seems to have had little effect, the teaching masters in the arts faculty 
Sought to avoid possibly dangerous entanglements with theology by 


THE RELATIONS BETWEEN 
NATURAL PI 
AND THEOLOGY IN THE THIRTEENTH Ene 


during the thirteenth century, although a number of ol 


bull, i in il 
pe hoes on a its Latin form as Parens scientiarum, 
ory’s proclamation is usually regarded i 
Carta of the University of Paris, it also included a different ape 
r approa 


Aristotle’: 
Pita eee i Arons were not expurgated, and it is likely that the ban on 
'& remained in effect. Indeed, it seems to have remained in ef 


tics. Despite the ban i i ‘i 

quite likely that dae eee ate readings or lectures, itis demarcating the boundaries between natural philosophy and theol- 

privately by interested stu dented ae z a Leeda were read ogy. They did this in 1272 by making it mandatory for all members of 

even extended to the University U Sa rogh the ban was the arts faculty to swear an oath in which each agreed not to consider 

posed on the Universities of Ox bordon Pai in 1229, it was never im- theological questions—as for example, the Trinity and incarnation— 
7 Bologna. in their treatises on natural philosophy. If for some reason an arts mas- 
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treatises on natural philoso 
phy. 
The Condemnation of 1270 and 
ic the adoption of 
of the arts faculty in 1272 were apparently insufficient ne 
; a pi 


“Here begin the errors of the 'erroes, 
coe Algazel, Alkindi and Ma: roth 
ne rder of St. Augustine” (Giles of Rome 1944, 3). The “ey a Sa 
ose by Aristotle and four of his Islamic followers, Arero A 
2 (c, 


1126-1198), Avicenna (A.D. 980-10: i 
6-1198), .D. 37), Algazel (a.D. 1058- and 
Alkindi (d. c. a.p. 870), and one Jewish follower, Maimonida : 
A.D. 


1138-1204). (As was usual in th in Mi il 

mangen Algazel with the E a aremt a aa i 

z eet were improperly attributed to Algazel, who was ther 

ake arias of Avicenna; Algazel was actually hostile 

fees an followers.) Giles identifies fourteen errors for Ari > 
y ve errors for Averroes, twenty-two errors for Avice ja: 

errors for Algazel (more accurately Al-Ghazali, but known as Alga 


1. That motion did not have a beginning. 

2. That time is eternal. 

3. That the world did not have a beginning. 

4. That the heavens were not made. 

5. That God could not make another world. 

6. That generation and corruption had no beginning and will have no end. 


7. That the sun will alwa 
i 4 Nae 
anes YS cause generation and corruption in the sublu- 


12, That it is impossible to admit i 
Ter nep e to admit a first man or a first rainfall. (Giles of Rame 


inions | 


The Medieval Universities 179 
ition to the fifth error, in which Aristotle denied God the power 
another world, Giles of Rome denounces Aristotle for other 
is on the divine power, as we see in the following errors: 


‘That God could not make an accident without a subject. 
That wo ‘bodies cannot in any way be in the same place. (Giles of Rome 


4944, 13) 


‘The other philosophers repeat some of Aristotle's errors and add 

of their own. A fair number of the errors Giles detected in the 
non-Christian philosophers would reappear in the great Condem- 
ion of 1277. Before turning to that condemnation, however, it will 
helpful to describe the antagonisms that had developed between 
ie faculties of arts and theology at the University of Paris by the 
1270s, a development that played a significant role in generating the 


‘Condemnation of 1277. 


Tensions Between the Faculties of Arts and Theology 
As separate corporate entities, the faculties of arts and theology 


| iyere each the guardian of a significant discipline: the arts faculty over- 


seeing natural philosophy and the theology faculty defending and in- 
terpreting matters of faith and revelation. In a society in which the 
Christian religion played a dominant role, it is easy to see that, solely 
by virtue of their subject matters, the theology faculty had far greater 
power and influence than did the arts faculty. Many, if not most, 
thirteenth-century theologians regarded revelation as superior to all 
forms of knowledge. It is, therefore, hardly surprising that, in general, 
theologians retained the traditional opinion that secular learning was 
the handmaiden of theology, and consequently that science and nat- 
ural philosophy existed for the benefit of theology. As a firm believer 
in this doctrine, Saint Bonaventure wrote in support of this attitude 
(see Figure 6.3). In a treatise titled Retracing the Arts to Theology (De re- 
ductione artium ad theologiam), Bonaventure upheld the superiority of 
theology as the “queen of the sciences” (on theology as a science, see 
below), a judgment based on the firm conviction that all knowledge 
is derived by divine illumination from sacred scripture. Theologians 


The Medieval Universities 181 
venture saw no conflict between faith and reason, provided 
stood that the former guides the latter. 
iy contrast, masters in the faculties of arts viewed themselves as 
odians of philosophy and therefore of reasoned analysis. For 
natural philosophy was the key to understanding the physical 
They certainly did not regard it as a handmaiden to theology, 
a subject to be studied for its own sake, because it was the only 
understand the workings of the physical world. Although they 
often enough with Aristotle's ideas and interpretations, arts 
had the highest regard for Aristotle's works and his use of 
ed argument. They successfully made natural philosophy au- 
ous from theology, a process that will be described tater. In the 
, however, tensions remained high. 


The Condemnation of 1277 


‘The Errors of the Philosophers compiled by Giles of Rome was but a 
of the theological and intellectual turmoil that gripped Paris in 
1260s and early 1270s. As a theologian and member of the Au- 
inian Order, Giles was greatly disturbed by the large body of lit- 
e that espoused ideas judged contrary to the Christian faith. He 
ot alone. On January 18, 1277, Pope John XXI notified Stephen 
empier that he had heard reports of heretical opinions in the Paris 
area. He asked to be informed of the situation. It has been conjectured, 
on plausible grounds, that Bishop Tempier was already investigating 
‘heretical opinions at the University of Paris by the time he received 
‘the papal letter. On March 7, 1277, Bishop Tempier, acting on the ad- 
vice of his theological consultants, issued a sweeping condemnation 
‘of 219 propositions. To uphold or defend any one of these proposi- 
tions, or articles, was to do so at pain of excommunication. (In Eng- 
Jand, on March 18 of the same year, Robert Kilwardby, archbishop of 
Canterbury, condemned 30 similar propositions that applied to Ox- 
ford University.) 

Certain of the Paris articles reveal the deep antagonism that had 
been engendered between arts masters and theologians, as is appar- 
ent from the following six articles: 


37. That nothing should be believed unless it is self-evident or could be as- 
serted from things that are self-evident. 


40. There is no higher life than philosophical life. 


Figure 6.3, Saint Bonaventi 
Pairs 6. ture. From a fresco painted by Fra Angelico around 1450 and now i 
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152. That theological discussions are based on fables, 
153. That nothing is known better because of knowing theology 
154. That the only wise men of the world are pl 


hilosophers, 
175. Christian Revelation is an obstacle to learning. (Gilson 1w 
1974, 48-50) oe 


occurred to the members of the selection committee seems to 
been judged worthy of inclusion. Indeed, some, 
condemned articles were probably not even dra 
but may have been derived from conversations involving teachers, 
students in a classroom or dormitory, or si 

Many, if not most, of the condemned articles were in some way dra 
from Aristotle's natural philosophy. Two of the most important thème 
relevant to that natural Philosophy involved articles about the eterni 
of the world, and limitations on God’s absolute power to do anythin; 
he pleases, short of a logical contradiction. Because, as mentioned ear- 
lier, approximately twenty-seven articles concern the eternity of ; 
world, only some of the more striking ones will be mentioned here: 


9. That there was no first man, nor will there be a last; on the contrary, 
there always was and always will be generation of man from man, 

87. That the world is eternal as to all the species contained in it; and that 
time is eternal, as are motion, matter, agent, and recipient; and because 
the world is [derived] from the infinite power of God, it is impossible 
that there be novelty in an effect without novelty in the cause. 

91. That the argument of the Philosopher [i.e., Aristotle] demonstrating that 
the motion of the sky is eternal is not sophistical; and it is amazing that 
profound men do not see this. 


93. That celestial bodies have eternity of substance but not eternity of mo- 
tion. 


101. That an infinite [number] of celestial revolutions have preceded which 
it was not impossible for the first cause [that is, God] to comprehend, 
but [which are impossible of comprehension] by a created intellect, 


if not many, of the 
wn from. written texts, 
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are eternal. However, they have been made [or created] 

a lationship which they now have. 

m elements have been made in a previous generation from chaos; 
on are eternal. (Grant 1974, 48-50) 


i erned with limitations on God’s power todo 
a rare Tae contradiction are of great importance 
as between science and religion in the Middle Ages— 
eee significance than those about the eternity, of the 
kias relevant to this theme included the following: 


t the first cause [that is, God] could not make several worlds. 
HN without a proper agent, as a father and a man, a man could not be 
he ER i ithout the mediation of 
‘hat God could not have made prime matter withou! 
3 eE ee be the cause of a new act [or thing], nor can He pro- 
due something anew. 


t God could not move the heavens [or world] with a rectilinear mo- 
“i E and the reason is that a vacuum would remain. 


63. That God cannot produce the effect of a secondary cause without the 
* secondary cause itself. 


C ISN: That God cannot make an accident exist without a subject nor make sev- 
an. 


eral dimensions exist simultaneously. 


147. That the absolutely impossible cannot be done by God or another 


agent—An error, if impossible is understood according to nature. (Grant 
1974, 48-50; Article 63 is from Lerner and Mahdi 1963, 343) 


d propositions, some 
, of course many other condemned propo: 

Rs centered with physical and Se sea a 
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involving orbs, planets, and el € E 
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i icle 90 condemned the idea thai c 
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i hy, the other within 
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d the idea “that a natural philosop! R 
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can deny the eternity of the worl a rae 

ss” (Grant 1974, 48). Scholars have yel n 

abate Ka who subscribed to the “doctrine of the double truth’ 
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(Grant 1996, 76-78), even though Bishop Tempier, in a messa 
ducing the 219 propositions speaks as if it were a common pr 
Indeed, one gets the impression that Tempier’s rationale for 
the condemnation was instigated by the tamp: 
of the double truth, as seems apparent from the letter he sent 
with his condemnation. In this letter, Bishop Tempier den 
those who “say that things are true according to Philosophy but, 
according to the Catholic faith; as if there could be two contrary try 
and as if contrary to the truth of Sacred Scripture there could be 


in the statements of the damned gentiles of whom it wag written if 


will destroy the wisdom of the wise’ [1 Cor. 1:19] because true 
dom destroys false wisdom” (Grant 1974, 47). 
The bishop and his theological advisors were upset by the boldness 


with which natural philosophers were using reason to analyze all sorts 
of questions. The natural philosophers seemed to have set no limits ta 


their spirit of inquiry, as they sought to subject all knowledge and 
ideas to philosophical and scientific analysis, an attitude the bishop 
of Paris condemned in the following article: 


145. That no question is disputable by reason which a philosopher ought not 
to dispute and determine, since arguments are taken from [or based onf 
things. Moreover, philosophy has to consider all things according to its 
diverse parts. 


IS THEOLOGY A SCIENCE? 


Although I shall later explain how certain condemned articles im- 
pacted natural philosophy in the fourteenth century, it is important 
now to consider further the relations between theology and natural 
philosophy. Even as the tensions between the arts masters and the the: 
ologians played a significant role in the thirteenth century, another as- 
pect of their relationship centered around Peter Lombard’s Sentences, 
the great twelfth-century theological textbook that was second only to 
the Bible in popularity (see chapter 5 for more on the Sentences). In the 
prologue to his book, Peter Lombard discussed the epistemic nature 
of theology, but it remained for Alexander of Hales, who was the first 
commentator on the Sentences, to consider whether theology is a sci- 
ence. Thereafter, all commentators on the Sentences felt an obligation 
to consider the status of theology: was it, or wasn’t it, a science? In 
his Commentary on the Sentences, Thomas Aquinas laid the basis for an 


ant use of the doct a 
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j ing the Mid- 
theology that most theologians accepted during t 
A ie aad 6.4). He presented an argument in favor of the- 


ie (Thomas Aquinas 1948, 3-19). In the second article, he asks 


sacred doctrine [that is, theology] is a science?” Thomas ex- 
that sacred doctrine is a science, but, he continues, 


ust bear in mind that there are two kinds of sciences. There are some 

gevedl from principles known by the natural light of the intellect, 
ch as arithmetic and geometry and the like, There are also some which pro- 
from principles known by the light of a higher science: thus the science 
optics proceeds from principles established by geometry, and music from 
ples established by arithmetic. So it is that sacred doctrine is a science 
fecause it proceeds from principles made known by the light of a higher sci- 
ence, namely the science of God and the blessed. Hence, just as music accepts 
on authority the principles taught by the arithmetician, so sacred science ac- 
pts the principles revealed by God. (Thomas Aquinas 1948, 5-6) 


‘Thomas goes on to argue that theology, or sacred doctrine, is a single 
science (Article 3), and that it is nobler and more transcendent than 
all other speculative and practical sciences (Article 5). In explaining 
his claim in the fifth article, Thomas declares that 


one speculative science is said to be nobler than another either by reason of 
its greater certitude, or by reason of the higher dignity of its subject-matter. 
in both these respects this science surpasses other speculative sciences: in 
point of greater certitude, because other sciences derive their certitude from 
the natural light of human reason, which can err, whereas this derives its cer- 
titude from the light of the divine knowledge, which cannot err; in point of 
the higher dignity of its subject-matter, because this science treats chiefly of 
those things which by their sublimity transcend human reason, while other 
Sciences consider only those things which are within reason’s grasp. (Thomas 
Aquinas 1948, 9) 


Because it derives its certitude directly from God, and because it 
treats things that transcend human reason, theology is superior in 
every basic way to all other sciences. Thus did Saint Thomas make 
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a science that was more powerful and important than the 
s, such as astronomy and optics, and the mathematical 
of arithmetic and geometry. No secular science could surpass 
pecause the latter derived its first principles from God and 
scripture. There was no arguing with that claim. Theology was 
superior to natural philosophy and logic, sciences that were 
ly used in theology. 
ut the converse was not true: natural philosophy did not use the- 
when it was treating natural phenomena. For one thing, by the 
iof 1272, arts masters swore they would not deliberately involve 
logy in their discussions. Indeed, although natural philosophy 
regarded by the theologians as less important than theology, and 
viewed as a handmaiden to theology, that was no longer true for 
| philosophers. When Thomas Aquinas made theology an in- 
dent science, distinct from all others, he inadvertently conferred 
ylonomy on natural philosophy. Although theologians regarded the- 
as the “queen of the sciences,” arts masters could now view nat- 
‘ural philosophy as a scientific discipline completely independent of 
logy. As a superior science, theology would not be mixed with an 
erior Science such as natural philosophy. Thus, the emergence of 
logy as an independent science in the second half of the thirteenth 
had an inadvertent corollary: a guarantee that natural phi- 
Josophy would also be regarded as an independent science. In the in- 
jertelations between the two sciences, as we shall see, it was theology 
that relied heavily on natural philosophy, whereas theology had no 
substantive role in natural philosophy. 

Albertus Magnus, a theologian and an outstanding natural philoso- 
pher, as well as the teacher of Thomas Aquinas, provides early but 
significant evidence of this relationship (see Figure 6.5). Albertus’ Do- 
Mminican brothers had requested that he write a book about nature that 
would enable them to understand Aristotle’s books in a proper man- 
her, In the opening passage of his commentary on Aristotle’s Physics, 
Albertus informs his fellow Dominicans that he will not speak about 
divine matters, because such matters “can in no way be known by 
Means of arguments derived from nature.” He goes on to explain that 
“we take what must be termed ‘physics’ more as what accords with 
the opinions of Peripatetics [ie., Aristotelians] than as anything we 
might wish to introduce from our own knowledge... for if, per- 
chance, we should have any opinion of our own, this would be prof- 
fered by us (God willing) in theological works rather than in those on 


Figure 6.4, Saint Thomas Aquinas. From a fifteen 
a tn- 
which was based on an earlier copy. an ra r ae 
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"(Synan 1980, 10). In his Commentary on Aristotle's On the Heav- 
pertus reveals the same desire to keep natural philosophy and 
zy separate, when, in a discussion inquiring whether heaven is 
rable and incorruptible, he explains: 


opinion was that of Plato who says that the heaven was derived from 
fest cause by creation from nothing, and this opinion is also the opinion 
‘three laws, namely of the Jews, Christians, and Saracens. And thus they 
{tha heaven is generated, but not from something. But with regard to 
opinion, it is not relevant for us to treat it here. (Grant 2001, 192) 


ugh Albertus was wrong to attribute to Plato a belief in a cre- 
on from nothing, it is noteworthy that he refuses to include a dis- 
sion of the doctrine of creation from nothing in a straightforward 
treatise on. natural philosophy. Creation from nothing was a divine, 
ernatural act and therefore not a legitimate topic for a book on nat- 
ral philosophy. Thus did Albertus Magnus separate the sciences of 
physics, or natural philosophy, from theology. His pupil, Saint 
“Thomas Aquinas, would have undoubtedly agreed with the master’s 
sentiments. 
The thirteenth century laid a foundation for the interrelations be- 
tween science and religion in the fourteenth and fifteenth centuries. 
“That century was the first in which Christianity came face to face, so 
to speak, with Aristotle’s extensive and powerful secular natural phi- 
losophy. The relations between the two—in effect, the relations be- 
tween science and religion, or natural philosophy and theology—were 
often acrimonious and bitter. Theology and the power of the church 
were sufficient to curb and limit the ambitions of the arts masters, who 
songht, as much as possible, to give free reign to their efforts to in- 
terpret the physical cosmos in straightforward Aristotelian terms, un- 
encumbered by theological restrictions and limitations. As the dust 
settled in the fourteenth century, it became obvious that theologians 
had an enormous degree of latitude to use natural philosophy and an- 
alytical methods virtually as they pleased in their theological treatises, 
as is evident in their Commentaries on the Sentences of Peter Lombard. By 
contrast, arts masters usually sought to avoid introducing theology 
y Tommaso da Modena (1352), into their commentaries and questions on the books of Aristotle’s nat- 
e ural philosophy. Not only was it potentially dangerous for an arts 
master untrained in theology to intermingle natural philosophy with 
| theology, but the Oath of 1272, which was in effect for much of the 


Figure 6.5. Albertus Ma 
located at the Monastery 
1992, 228). 
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issues. In the next chap 


l phil 
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ty of Paris, forbade arta 


Chapter 7 


Se 


he Interrelations between Natural 

“Philosophy and Theology in the 

Fourteenth and Fifteenth 
Centuries 


Oath of 1272 and the Condemnation of 1277 coalesced in a sig- 
jcant episode that involved John Buridan, a famous arts master and 
‘natural philosopher at the University of Paris. During the 1330s, Buri- 
"dan had occasion to compose Questions on the Eight Books of the Physics 
_ of Aristotle. In Book 4, question 8, Buridan asks “whether it is possi- 
“ple that a vacuum exist by means of any power?” After presenting ar- 
guments denying the possibility of a vacuum, Buridan rejects this 
“position by declaring: 


‘The opposite [position] is argued because God could annihilate everything 
under the lunar orb with the magnitude and figure of the lunar orb pre- 
served. Then the concave orb of the moon, which is now a plenum in the 
lower world, would be a vacuum, just as a pitcher would be a vacuum if God 
annihilated the wine in it while preserving the pitcher and where no other 
body enters or is made in the pitcher. And thus some of my lords and mas- 
ters in theology have reproached me on this, [saying] that sometimes in my 
physical questions I intermix some theological matters which do not pertain 
lo the artists [that is, Masters of Arts]. But with [all] humility I respond that 
Ivery much wish not to be restricted [with respect] to this, namely that all 
masters beginning in the arts swear that they will dispute no purely theo- 
logical question, nor [dispute] on the incarnation; and they swear further that 
if it should happen that they dispute or determine some question which 
touches faith and philosophy, they will determine it in favor of the faith and 
they will destroy the arguments (rationes) as it will be seen that they must be 
destroyed. 
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Now it is evident that if any question touch: i 
one of them, namely whether it S; possible ata ee this fy 
wish to dispute it, itis necessary that I say about it what appear eee il 
be said according to theology, or to perjure myself and avoid the von’ Mist 
on the opposite side insofar as this will seem possible for me. But Ton 
resolve these arguments [on the opposite side] unless I produce them at 
fore, 1 am compelled to do these things. | say, therefore, that “vacuums 
be imagined in two ways. (Grant 1974, 50-51) po 

The two ways in which Buridan imagines how a vacuum coul 
are of great interest. The second way is the one mentioned 
namely that God could make a vacuum within the lunar s] e 
virtue of his absolute power. That conception of a vacuum fae 
correspond to any particular article condemned in 1277, althou; 
Buridan’s description is consistent with the emphasis on God's be 
solute power to perform any act that is naturally impossible in ye 
totle’s natural philosophy. Indeed, it is compatible with article 9) 
which denied that God could move the entire world with a rectilinea, 
motion, because a vacuum would be left behind, thus implyin, hae 
the impossibility of a vacuum would prevent God from peer iz 
world. The implication is clear: God could not only move the oad 
rectilinearly, but by virtue of its motion, a vacuum could be left be- 
hind, even though Aristotle had argued that the existence of a vac: 
AR A In the first mode of conceiving a vacuum, Buridan 


Firstly, as to the first mode of imagining a vacuum, I assume that God can 
make an accident without a subject and is able to separate accidents from 
their subjects and to conserve them separately. And thus He is able to create 
an absolute dimension without there being any substance or accident distinct 
from it. Secondly, it seems to me that the penetration of dimensions is notim- 
possible by God. Indeed, He is able to make several bodies exist simultane- 
ously in the same subject, or in the same place, without their mutually 
differing from each other with respect to location, namely that one [body] 
should be outside the other with respect to location [or place]. Therefore, Gad 
can make an absolute dimension or space separated from every natural sub- 
stance in which [dimension or space] natural bodies can be received. And this 
is called a vacuum according to the first way of speaking related previously. 
(author’s translation from Buridan 1509, fol. 74r, col. 1) 


This definition has strong connections with Article 141 of the Con- 
demnation of 1277, which declares: “That God cannot make an acci- 


om 
p). In 


em to take seriously and does not discuss further, he defines a vac- 


ld exist 
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jent exist without a subject, nor make several dimensions exist si- 
uitaneously [in the same place]” (slightly altered from Grant 1974, 
this first explanation of a vacuum, which Buridan does not 


mas a dimension that can receive other dimensions that exactly co- 
je with its own dimensions, or are smaller. Although Buridan does 

ecifically mention any articles from the Condemnation of 1277, 
he must, at the very least, have had Article 141 in mind. 

But why did Buridan feel he had to apologize to the theologians? 
‘There is nothing in his question that violated either the Oath of 1272, 
or the Condemnation of 1277. In the questions cited above, Buridan 
concedes, however, “if any question touches faith and theology, this 
jsone of them, namely whether it is possible that a vacuum exist.” It 
was a theological question only in the sense that the vacuum was re- 

ied as naturally impossible, but creatable by divine power. Ac- 
knowledging that it was a question that “touches faith and theology,” 
Buridan justified inclusion of it in his Questions on Aristotle's Physics 
hy appeal to the Oath of 1272. If he included a question touching faith 
and theology, the oath required that he resolve it in favor of the faith. 
In order to do this, however, he had to include the theological argu- 
ments, or perjure himself. 

Sometime between 1506 and 1511, approximately 160 or 170 years 
after Buridan wrote his treatise, Luis Coronel (fl. A.D. 1511) wrote a 
commentary on Aristotle's Physics and cited Buridan’s question about 
the possibility of a vacuum. After accurately recounting Buridan’s dis- 
cussion, Coronel declares: “These remarks of Buridan have astonished 
me, first, that our masters blamed him, for from the declaration of this 
term, vacuum, to conclude that it cannot be produced naturally, but 
can happen supernaturally seems in no way blameworthy” 
(Thorndike 1944, 87). No more than modern readers could Coronel 
discover why theologians would have objected to Buridan’s discus- 
sion about vacuum. 

Whatever the merits of Buridan’s dispute with the theologians, he 
presented a succinct description of the oath and what was expected 
of arts masters in the fourteenth century. One can see the difficulties 
they faced. The Oath of 1272 did not absolutely forbid them from dis- 
cussing theology, but it placed the burden of uncertainty on any arts 
masters who chose to enter the domain of theology. How far could 
they go? Was introducing a theological question worth the anxiety 
that might ensue? Could an arts master be confident that he had re- 
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futed an argument against the faith to the Satisfaction of the then 
gians? Would a theologian find fault with his arguments and ar 
him of heretical ideas and notions? Luis Coronel captures this u 
tainty in his discussion of Buridan’s question. In the third of 
points, Coronel criticizes the Oath of 1272: 


fi 
Thirdly, that oath does not seem reasonable when it compels a man to oF 
throw arguments, for there might be some loyal teacher for whom some ape 
gument worked out contrary to the determination of the church, and foal 
would he overthrow it? But to this it seems it should be said that, if the ie 
structor does not know how to overthrow such an argument, he ought not ty 
formulate it in public to his students. But if he should do otherwise, he would 


remain perjured if he had taken the oath, and will sin although no oath tias 
preceded. (Thorndike 1944, 87) í 


Then, drawing the seemingly inevitable inference from these difficul 
ties, Coronel concludes his third point with this admonition: “There 
fore, let Parisian teachers of artists who touch on theological problems 
look out for themselves.” 

By the end of the fifteenth century, the Oath of 1272 was apparentiy 
no longer required of arts masters, as Luis Coronel informs us in the 
fourth point about Buridan’s travails: “1, inadequate and unworthy as 
I am, do not recall that when I was promoted to the degree in arts I 
took, or knew of any of my fellows taking, such an oath, but, alas, that 
laudable custom of the university along with others had become ob- 
solete.” Thus, despite his criticism of the oath, Coronel seems to favor 
an oath of some kind, as seems apparent from his closing remarks on 
Buridan when he declares: “And whether there was an oath or not, I 
would strive where occasion offered to proceed conformably to the in- 
tention of the person who ordered that oath be taken” (Thorndike 
1944, 88). 

Elsewhere in his Questions on the Physics and in other commentaries 
on Aristotle’s works, Buridan was more self-effacing with respect to 
the theologians. In Book VIII, question 12 of Questions on the Physics, 
Buridan observes that “the Bible does not state that appropriate in- 
telligences move the celestial bodies,” so that “God, when He created 
the world, moved each of the celestial orbs as he pleased.” Buridan 
suggests that instead of an external agent, such as intelligences, God 
may have chosen to impress a force, or impetus, into each celestial orb 
so that it could move by its own power. “And these impetuses which 
He impressed in the celestial bodies,” Buridan explains, “were not de- 
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: ted afterwards, because there was no inclination of 
B irode for other movements. Nor was there resistance, 
Mould be corruptive or repressive of that impetus. Realizing 
3 perhaps presumptuously suggesting the way God might 
Beane when He created the world, Buridan then declares: ‘But 
e do not say assertively, but [rather tentatively] so that I might 
f k from the theological masters what they might teach me i these 
“ners as to how these things take place” (Clagett 1959, 536; Grant 
974, 277-278). In his Questions on Aristotle's On the Heavens, Buridan 
ts in a similar manner. In Book 1, question 20, he aer 
fhirdly, I say that there is no body beyond the heaven or te 7 
q ly. ‘beyond the outermost heaven; and Aristotle assumes this as 
E But you ought to have recourse to the theologians [in order 
el what must be said about this according to the truth of faith 
1 cy” 174, 51, n. 4). K 
oe ccsiiese and sense A uncertainty with the theologians 
was not a lasting phenomenon. Few were as diligent as ee whe, 
chose to introduce theological considerations where he thought il ie 
essary to respond properly to a question. Later in the century oi G 
major arts masters, such as Albert of Saxony, Marsilius of Inghen, an 
others took up similar questions, as well as questions that ae 
would probably not have considered. A description of one $ o 
ions will enable readers to gain some insight into the A s c 
hypothetical, counterfactual discussions that became commonplace R 
treatises on natural philosophy and theology during the latter part o. 
the fourteenth century. Most of the questions involve reactions to ar- 


tides condemned in 1277. 


THE INFLUENCE OF THE CONDEMNATION OF 1277 ON 
NATURAL PHILOSOPHY 


Numerous and almost unavoidable discussions on the possible ex- 
istence of a vacuum, or void space, formed an important aspect of oF 
dieval natural philosophy. These discussions derived from oust ne 
rejection of the possibility of a vacuum in the fourth nay a jis 
Physics. Because the vacuum was a major topic of discussion for m 
totle, there would have been discussions about this phenomenon m 
or without a theological Condemnation in 1277. Not only woul 
scholastic natural philosophers have discussed the possible sine 
of a vacuum, but on the hypothetical assumption that a vacuum di 
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exist, they would have followed Aristotle’: 

whether successive, finite motions de PAE ki 
space. Medieval natural philosophers frequently ad dee oy 
ture abhors a vacuum” to show their basic agreement ic ia 
But they departed from Aristotle's framework becau: Wan A 
demnation of 1277. Where Aristotle emphatically decl: ae a 
uum is impossible in nature, medieval natural hilos his 
theologians, after the Condemnation of 1277, were Stiga oe ‘ 


that God could, if he wished, create a vacuum within OF Outside of 


world. This becomes obvious in the context of Buridan’s discussi 


cited above, in which Buridan argued i wish 
a that i 
create a vacuum within the coe ee Sees 


totle’s denial of the Possibility of a vac isti. 
Questions on the Physics (Book 4, SEAR 

2 question 11), Alb 
sidered whether a body could move in a ore ee os 
pernaturally created (see Grant 1974, 335, for a translation) p 


The Supernatural Possibility of Other Worlds 


The most striking impact of the Condemnati 
pareephy involved Articles 34 and 49. R 5 ee an Chapa 
5 oe ia ted ay aS [that is, God] could not make seal 
[c 48; brackets added). Aristotle 
nothing whatsoever could exist beyond oH world, ae 
ing matter, place, vacuum, and time. It follows that no world Coach ee 
beyond our world, by which Aristotle meant that no world like our on 
could exist beyond ours. The existence of other worlds is im) ossible; 
Aristotle argued, because all the matter in existence is contained ithin 
our world, with none available to form additional worlds. Ac 2 
arguments were already criticized in the ancient world Some arp ed 
that matter could indeed exist beyond the world. In his Comments, 
Aristotle's On the Heavens, the sixth-century Greek concen oom 
plicius recounted a reaction to Aristotle’s arguments by Stoic koso 
ae who repeated an even earlier counter-example that aerial to 
= sahara position. If someone at the extremity of the world 
oer ed an arm beyond that extremity, what would happen? One of 
o alternatives, they concluded: Either the arm meets an obstacle and 
ea bets ee or, it meets no obstacle and can be extended 
e first possibility, the ics imagi 
Person would climb to the Ai are nei ea ager 


vity of the lunar region, despite Aris- 
mywhere. In h 
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n. The arm would either meet another material obstacle, or it 
not, This can be repeated indefinitely, but in a finite world, the 
will eventually reach the end of material obstacles and en- 
er void space. Because Simplicius’ treatise was translated into 
in the thirteenth century, the argument was known in the West 
occasionally cited. But this argument in itself might have had only 

t effect and posed little threat to Aristotle’s basic interpretation 

the world is a finite, spherical cosmos with nothing whatsoever 
beyond it. 
with the appearance of Article 34, all this changed. After 1277, it be- 
mandatory for students and teachers at the University of Paris 
fo concede that by virtue of his absolute power, God could create as 
many worlds as he pleased beyond ours (see Figure 7.1). Although 
there is no evidence of anyone who believed that God had in fact cre- 
ated other worlds in addition to ours, the possibility that he could was 
significant because it meant that contrary to Aristotle's claims, the ex- 
jstence of other worlds was not impossible, but, by virtue of God’s ab- 
solute power, quite possible. The possibilities were intriguing and 
mpted natural philosophers to raise two basic questions: (1) 
whether any thing (space, void, place, time, or matter) could exist be- 
yond the boundaries of our world; and (2) whether other worlds exist 
or could exist (for a list of discussants, see Grant 1994, 689-692). On 
the assumption that God could create as many worlds as he pleased, 
questions were raised about the manner in which he might do this: 
Would he make concentric or eccentric worlds—that is, worlds within 
worlds? Would he make one world after another in an unending suc- 
cession of worlds? Or would he make a multiplicity of worlds simul- 
taneously? Most of the discussions about a plurality of worlds focused 
on simultaneously created worlds, all of which were assumed to op- 
erate by the same laws as our own. 

‘The surprising result was that most scholastic natural philosophers 
concluded that each world was a self-contained system with its own 
center and circumference. The same physical laws were assumed valid 
in each world. The behavior of elements and bodies in one world 
would not, and could not, affect the elements and bodies of another 
world. No element from one world would have any inclination to join 
its elemental counterparts in another world. Thus did medieval nat- 
ural philosophers abandon Aristotle’s basic idea that only one center 
and circumference could exist. They assumed that a multiplicity of 
equal centers and circumferences could exist simultaneously, one pair 
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aach world. Thus, the elements of each world moved towards or 
y from their own center and circumference without any inclina- 
‘to move toward the center or circumference of any other world. 

ite a strong sense that, contrary to Aristotle, the existence of a 
ty’ of worlds was an intelligible concept, and that God could 
as many other worlds as he pleased, no one believed that God 
actually done so, or would ever do so. It was, nevertheless, a mo- 
tous departure from Aristotle’s concept of the world. What Aris- 
had regarded as naturally impossible was viewed in the Middle 
as supernaturally possible. The existence of other worlds was 
‘an absurdity, as Aristotle had argued, but an intelligible possibil- 
‘albeit only by divine command. 


orion symp ye REYR Cane vec 
i Ki oo f 


The Existence of Void Space beyond the World 


The possible existence of other worlds was also assumed to involve 
the inevitable existence of empty spaces between adjoining worlds. At 
best, spherical worlds could meet and touch at only one point. Be- 
tween any other points on their spherical surfaces there would either 
be more matter or void space. The idea that matter might lie between 
“them was quickly dismissed, because the matter would belong to no 
particular world and therefore have no rationale for its existence. 
There was, however, general agreement that if other worlds were cre- 
ated, void spaces would exist between them. 

While all arts masters and theologians were agreed that God could 
create vacuums beyond the world if he wished, medieval discussions 
about the existence of void space largely ignored questions about 
whether God could create a finite or infinite space beyond the world. 
Instead, they linked questions about God's location with his om- 
nipresence, which was always assumed to be in an infinite void space. 
Betause of God’s infinite omnipresence, questions about extra-cosmic 
‘void space—almost always infinite extracosmic void space—fell to the 

z theologians, who were the only ones thought qualified to discourse 
ere ] on such a subject. Arts masters did not dare offer opinions on God’s 
e nenna : location and the manner in which he is present in the world. 

Along with whether God could create other worlds, Article 49 of 
the Condemnation of 1277 also generated hypothetical arguments that 
produced important ideas about how things might differ from Aris- 
totle’s view of the world. As cited earlier, Article 49 declared: “God 
could not move the heavens [or world] with a rectilinear motion; and 


Figure 7.1. God holding the world he created: from a French Bible is 
; moralisée of 
around 1250. {MS Bodley 270b, fol. 1r in Bodleian Library, Oxford, England.) 
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the reason is that a vacuum would remain” 
altered). One had to concede that God could 
with a rectilinear motion, wheth 
If God moved the world with a rectilinear motion, 


Movement 
sete ha 
Would not be gf 
that Aristotle 
motion; and (3) it would violate Aristotle's pie 
always from one material place to another material pilice inatia a 
motion can occur only in a material plenum. But Aristotle had > i 
that no matter exists beyond the world and hence no places, and x 
fore, no motions are possible. Consequently, if God moved the k 
rectilinearly, its motion would be independent of places, h 
quence that Aristotle would have regarded as absurd, but coe 
dieval natural philosophers regarded as plausible. In the ‘our 
century, Nicole Oresme, for example, regarded a rectilinear noe 
the entire world as an absolute motion independent of places, ARG Be 
solute motion could not be related to any other body because, for the 
Purposes of the argument, no other bodies existed outside. of our 
world. Despite Aristotle’s opinions, Oresme regarded such an a 
solute rectilinear motion as plausible and intelligible. Indeed, in He 
famous controversy with Gottfried Leibniz (a.D. 1646-1716), Samuel 
Clarke (a.D. 1675-1729), Isaac Newton’s spokesperson, also regarded 
such a rectilinear motion as an intelligible concept. ý 

The numerous discussions about God and extra-cosmic space àre 
not just relevant to the relationship of science and religion, but are 
vital to straightforward history of science, because medieval argu- 
ments on infinite void space influenced some of the great scientific 
thinkers of the seventeenth century, including the greatest, Sir Isaac 
Newton. The theme of an infinite void space beyond our world be- 
came one area of discussion where quite a few scholastic natural 
philosophers abandoned the hypothetical and argued for the real ex- 
istence of infinite space, thus abandoning a crucial aspect of Aristo- 
tle 5 cosmic picture and accepting as real what Aristotle had regarded 
as impossible. As mentioned earlier, those who argued in this manner 
were all theologians whose interest in the problem of infinite space 
seems to have been aroused independently of the Condemnation of 
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although theologians were surely aware of discussions about 
that arose from the Condemnation. 
of the greatest of these theologians was Thomas Bradwardine 
_ 4p, 1290-1349), who died while serving as archbishop of Canter- 
Bradwardine made momentous contributions to the develop- 
nt and acceptance of the concept of an infinite void space. In a 
logical treatise titled In Defense of God Against the Pelagians, Brad- 
e used a mathematical format to organize his theological com- 
nts to present a series of steps that led him to conclude that God 
id have created the world in any void place he pleased. Moreover, 
use God could create an infinite number of void places and cre- 
the world in any one of them, Bradwardine concluded that God 
ust bein every one of those voids, for otherwise he would have had 


to move to the place in which he chose to create the world. This was 


unacceptable because it was universally assumed that God is im- 
mutable and that motion is a sign of change and mutability. Thus, if 


"God had to move from one place to another in order to create the 


worid in one of an infinite number of possible places, this would 
imply that God is subject to change. Because this was unacceptable, 
Bradwardine assumed that God occupied all the possible infinite void 
places, which taken collectively form an infinite imaginary void space 


“in which God is omnipresent. 


How did Bradwardine relate an eternally existent infinite void 
space and the God who occupied it? To avoid serious difficulties, 
Bradwardine made God and the infinite void space he occupied one 
and inseparable by assuming that God is omnipresent in the infinite 
void space. Did his omnipresence in an infinite void space make God 
a three-dimensional being? It did not because, according to Bradwar- 
dine, God “is infinitely extended without extension and dimension.” 
By denying extension to God, Bradwardine also denied extension to 
the infinite void space that was God’s immensity. God was thus infi- 
nitely omnipresent in a dimensionless infinite void space. This was a 
widely accepted interpretation in the late Middle Ages. Bradwardine’s 
infinite void space was unlike any other earlier description of a vac- 
Uum, as is apparent from his declaration that a “void can exist with- 
Out body, but in no manner can it exist without God” (Grant 1974, 557; 
See also Grant 1996, 122-124). 

Bradwardine believed that God had to be in a place to act on what 
was in that place. In order to act on every possible place, it was there- 
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fore necessary to assume that God is ever 
(c. A.D. 1266-1308) and his followers es Ba 
God could act at a distance and need not be in the a ee 
influence or affect. Therefore, it was not Pn gs tere 
God must be omnipresent in an infinite void space. Bhs ta 
concept was the more influential. Nevertheless, ‘it had aa > 
flaw: How could God occupy every place of an infinite wns 
lack dimensions? Was God perhaps a three-dimensional j 
answer that gained acceptance in the Middle Ages had i 
formulated around 1235 by Richard Fishacre (c. A.D, 1205-20 
theological commentary on the Sentences of Peter Lombard EA 
argued that God remains infinitely omnipresent without béi ; 
tita tively, or dimensionally, extended, because the whole of G i 
rely, in every part of space, a concept that became kno a: 
whole-in-every-part” doctrine, Thus, God is infinitel nines 
and yet indivisible, because he is wholl 
vision of space. Many theologians accep! 
finitely omnipresent in an infinite void 


scholastic natural philosophers of the seventeenth century—especially 


Sir Isaac Newton— -dii i i ly 
ae n—was three-dimensional, as indeed was God him 


THE IMPACT OF RELIGION ON NATURAL PHILOSOPHY 
IN THE MIDDLE AGES 


Up to this point, we have seen one aspect of the i 
natural philosophy and theology in the Inte Middle nE 
impact of the Condemnation of 1277, especially Articles 34 and 49 The 
discussions deriving from Articles 34 and 49 were not religious in con- 
tent, but they were the result of a tense relationship between natural 
philosophy and theology. Arts masters who became involved in ques- 
tions about God’s absolute powers conceded that God could do any- 
thing whatsoever, short of a logical contradiction, but the discussions 
were in no way of a religious character. Indeed, even the discussions 
about God's omnipresence in an infinite void, which were confined to 
theologians, were not religious or doctrinal in any way. No one had to 
accept Bradwardine’s interpretation of God's dimensionless infinite 
omnipresence. It was not a doctrinal issue or an article of faith, although 


£ y omnipresent 
ly in the least possible subdi 
ted the idea that God was in. 
‘ that lay beyond i 
was an idea that would have an impact on seventcenth-centong a E 
about space and God, although the space envisioned by some p= 
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significant disagreements and counter-interpretations, as 
an so many problems in natural philosophy. 
the Condemnation of 1277 and inquire 


in their natural philosophical works or activities. It was, by con- 
‘sbout God’ and His creation the whole time” {Cunningham 
1, 388), Blsewhere he declares: “Over and above any other defin- 
feature which marks natural philosophy off from modern sci- 
„natural philosophy was about God and about God's universe. 
this was the central pillar of its identity as a discipline; both 
respect to its subject-matter and to its goals, its purposes, and the 
‘functions it served. This is what, more than anything else, distin- 
it from our modern science” (Cunningham 1991, 381). How- 
er well this may serve as a description of natural philosophy in the 
seventeenth century, it is false with respect to the Middle Ages. 
In the course of teaching and studying Aristotle's natural books in 
‘the arts faculties of medieval universities for more than three cen- 


turies, a vast body of commentary literature was produced (this sec- 


tion draws heavily on Grant 1999, 243-267). The authors of those 
treatises, whether arts masters or theologians, firmly believed that 
God, who was frequently referred to as the First Cause (prima causa), 
had created the world from nothing and was also the ultimate cause 
ofall events or effects. As Christians, of course, they also held many 
other religious beliefs. Did all these religious beliefs affect the way me- 
dieval scholars wrote natural philosophy? Did it mean that their ob- 
jective in doing natural philosophy was essentially theological or 
teligious, as Cunningham would have it? The response to these two 
questions is firmly in the negative. 

To begin with, as we saw earlier, natural philosophy was a subject 
that belonged to the faculty of arts and was wholly independent of 
the faculty of theology. Given the Oath of 1272 at the University of 
Paris and the Condemnation of 1277, arts masters had little incentive 
to write about theology, unless it became unavoidable in some par- 
ticular question. An examination of 310 questions on five of Aristo- 
tle’s treatises (Physics by Albert of Saxony, 107 questions; On 
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Generation and Corruption by Albert of Saxony, 35 
Heavens by John Buridan, 59 questions; On the Soul 
44 questions; and on Meteorology by 
strongly supports this claim. In the 310 questions that ap, 
five treatises that formed the core of Aristotle’s natural Philos 
becomes readily apparent that late medieval natural phil 
basically about Aristotle’s principles, opinions, ideas and 
and therefore about natural phenome; 
pematural. Of the 310 questions, 
theology or faith; 93 (or approxim: 
the faith. Inspection of these 217 
the author was Christian, Musli 
93, with at least a trace of theol 
something about the faith, in a 
40 questions, 
or the faith. 
When natural philosophers had occasion to invoke God in 4 
treatises, or to mention some aspect of the faith, they usually did sq 
in one of four categories. In the first, the natural philosophers might 
mention God in places where Aristotle mentioned God, the gods, of 
something about divinity, or where late Greek commentators reported 
opinions of Greek and Roman pagan philosophers on some issue that 
bears on Christian doctrine or faith. Such passages were relati 
rare. Included in the second category are Aristotle's ideas that were 
contrary to the Christian faith, as when he argued that the world had 
no beginning and would have no end, or that accidents must inhere 
in a substance and cannot exist independently of substance, an idea 
that would have made the Eucharist, or Mass, impossible, because it 
required that the accidents of the bread and wine continue to exist 
even after the bread and wine had been miraculously transformed into 
the body and blood of Christ. 

The third and fouzth categories occurred much more frequently 
than the first two and are more significant. In the third category, God 
and articles of faith are used in an analogical sense, or by way of €x- 
ample, to serve as a means of comparison with natural phenomena, 
or simply to illustrate something about the natural world. For exam- 
ple, in his questions in On the Soul, Nicole Oresme asserts: “Some 
power makes this or that operation anew without changing itself, just 
as is obvious with God who continuously produces new effects with 
out any change in Himself,” Similarly, Themon Judaeus uses God in 


questions; ç 
by Nicole O 
Themon Judaeus, 65 
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been di: i; to do anything 
discussed, namely his absolute power to « i 
logical contradiction. As we saw, the invocation of God’s 
Fe Eo in natural philosophy in the late thirteenth and four- 
f iuris was a consequence of the Condemnation of 1277, Ear- 


‘jp do this or that naturally impossible act, as when John Buridan dis- 


the immobile empyrean heaven, regarded as the abode of the 
j and the outermost celestial sphere in the cosmos, which, ac- 
ig to most theologians, enclosed the world. Buridan declared of 


{his immobile heaven that “according to nature [it] does not have any 


pi inclination for motion, although it could be moved super- 
Eec Himself, just as all things, except God ped sud 
ihilated by God” (my translation from Buridan 1942, 152). Buri- 
Bi escertion had nothing to do with the Condemnation of 1277 Poy 
merely representative of the numerous contexts within which God's 
clue power was invoked. It was not unusual for HHS 
ralphilosophers to distinguish between what God could do by i s 
solute power and what could be done by natural powers. sits 
opting for the latter, they frequently used the expression “speaking 
naturally” (using some form of the Latin loqui naturaliter). Ae 
There are mentions of God in commentaries and questions a ae 
totle's works that do not fall into any of the four eer ave 
identified. These are of minor importance: they are often little ae 
than mere mentions of the name “God” or they assert something tl a 
God can or cannot do. These instances, and the four categories aed ly 
Mentioned, reveal a very modest impact on natural Baler: The 
overwhelming number of questions included nothing about ta igion 
ortheology. They were straightforward discussions about problems in 
il hy. 3 
a T Middle Ages, whether arts masters or ESER 
had no desire to Christianize Aristotelian natural philosophy. F e 
views of Albertus Magnus and his student, Thomas aaa a 
scribed in chapter 6, apply equally to scholars in the fourteen h ani 
fifteenth centuries. Like Albertus, they all sought to avoid aaa 
sion of theology and religious matters into natural philosophy. No one 
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exemplified this approach better than John Buridan, who sou, 
explain nature’s operations in terms of natural causes and eff 


HE to 


no problems with his faith. He accepted the truths of revel; 
solute. But when doing natural philosophy, he simply assumed 

his task was to explicate problems about natural phenomena pa 
to deal with the supernatural. In Questions on On the Heavens (Book 
question 25), Buridan asks whether every generable thing will aci S 
ally be generated, then responds that this question can be treated i 
urally—“as if the opinion of Aristotle were true concemting ig 
eternity of the world, and that something cannot be made from noth. 
ing” (Grant 2001, 198)—or supernaturally, with the explanation that 
God could prevent a generable thing from generating naturally by 
simply annihilating it. “But now,” Buridan declares, “with Aristotle, 
we speak in a natural mode, with miracles excluded” (Grant 2001, 
198). If he had to concede that God could use his absolute, unpre- 
dictable power to produce any natural impossibilities he wished, Buri- 
dan could still save Aristotle and natural philosophy by characterizi 
Aristotle’s arguments as sufficient in the real, natural world, the one 
ne and his fellow natural philosophers sought to understand and ex: 
plain. 


THE ROLE OF NATURAL PHILOSOPHY IN THEOLOGY 


If theology and faith exerted only a small, superficial influence in 
natural philosophy and played no significant role in shaping that dis- 
cipline, what role did natural philosophy play in the development of 
theology as it was studied and written about in schools of theology, 
most importantly in the school of theology at the University of Paris? 

In chapter 5, | briefly described the genre of theological literature 
known as Commentaries on the Sentences of Peter Lombard. Bach student 
in the school of theology was expected to comment on the books of 
Peter Lombard. Although Peter’s books were not in the form of ques- 
tions, the commentaries on his work were indeed subdivided into 
questions, following the same format as questions treatises on Aristo- 
tle’s natural books, The commentaries were originally given as lec- 
tures and then frequently “published,” in the sense that written 
versions were produced by each author, and copies were eventually 
made and disseminated, many of which have been preserved, and 
many of which have perished but are known to have once existed. The 


not to explicate God’s supernatural actions and miracles, Buridan = 
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and their written counterparts were often divided into dis- 
articles, and questions. The questions are easy to detect be- 
ike most of their counterparts in natural philosophy, they begin 
the word “whether” (utrum). Over the course of a four-book 
mentary, a great number of questions were posed. For example, 
n the thirteenth century, Richard of Middleton presented 1,862 dis- 
inct questions and Thomas Aquinas, approximately 1,700. Other au- 
hors considered fewer questions, in the neighborhood of 500 to 600. 
jis hardly surprising, therefore, that the average Commentary on the 
Sentences was quite lengthy. 

In the course of the fourteenth century, the most striking feature of 
the Sentence commentaries is that their authors reveal less and less 
concern for religion and more and more of an obsession with natural 
philosophy and logic. They were captivated by a largely analytical ap- 
proach to theological problems. Indeed many theological questions 
became little more than vehicles for the practice of natural philosophy, 
or for coping with problems in logic. Theology became an analytic dis- 
cipline. Church authorities tried to stem the tide, but their efforts were 
a dismal failure. Popes Gregory IX (a.p. 1227-1241) and Clement VI 
(Ap. 1342-1352) criticized theologians for being overly absorbed in 
philosophical questions. In 1366, the University of Paris attempted to 
separate theology and natural philosophy as much as was feasible. All 
these efforts failed because, in the final analysis, the church authori- 
ties, most of whom were themselves trained in natural philosophy and 
logic, were fully aware that it was necessary to use those disciplines 
to study theology. The futility of these efforts is made apparent by 
John Major, a sixteenth-century theologian, who explained that “for 
some two centuries now, theologians have not feared to work into 
their writings questions which are purely physical, metaphysical, and 
sometimes purely mathematical” (Grant 2001, 281-282). 

‘The influence of natural philosophy on theology is made most ap- 
parent by the numerous questions routinely discussed in treatises on 
Aristotle's natural philosophy, which were also frequently included in 
Sentence commentaries, especially in the second book, which was de- 
voted to the biblical creation. Questions of the following kind were 
fairly common: 


whether the heaven is composed of matter and form; 
on the number of spheres, whether there are eight or nine, or more or less; 
whether the heaven is spherical in shape; 
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whether the heavens are animated; 
whether the whole heaven from tl 


sphere to the concavity of the li 
are distinct from each other; 


the convexity of th reme 
Ie Su 
lunar orb is Sioa, or he 
t 


whether celestial motion is natural; 


whether the stars are self-moved or 


orbs. (Grant 2001, 275-276) R eii monang 


Many other similar questions appeared in both 


ee were also purely secular questions that ap ae ae ù 
logical commentaries. An even more widespread tende H 
ncy in 


ogy was the application of analytic techniques—drawn from h 


natural philosophy, and m: j 
u i: athematics—to various i ° 
tions. Analyses using these instruments of reason eh i 


Questions about God in the firs 
i t book usually inqui F 
power, his knowledge, what he could or could ae do, and wher 


inter 
nded to do. For example, commentators raised such questions as: 


ee God could have made the world before He made it; 
whether God knew that He would create a world from eternity; 
whether God could do evil things; Z 
whether the Creator could have created things better than He did; 
whether God could make a better world than this world; i 
whether God could make the future not to be; 


whether God could i 
pgs make a creature exist for only an instant. (Grant 2001, 


There were also i 
questions that sought to di: 
if he changed his mind, as in these two questions: eco" OOd 


whether, without an in Hi thing 
3 \y change in Himself, i 
at some [earlier] time Hel had waned, a pee Rant something tg 


whether if God wants somethi from 
c ; ing new that He did not i 
would this constitute a real change [in God]. (Grant 200). a ars 


to turn up 

u on any one of the fi he 

Sentences. But the most interesting questions ponent A O S 

second books, the former devoted to God, and the latter a E 
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was always assumed capable of doing anything that did not 
a logical contradiction. In the thirteenth century, Richard of 
ton asked “whether God could do contradictory things simul- 
“and formulated this almost universally held judgment. “I 


a” he declares, 


God cannot make two contradictories exist simultaneously, not because 
Py deficiency in His power, but because it does not make any sense to 
Hee wer in any way. And if you should ask why this does not make pos- 

sje sense it must be said that with respect to this [problem] no other argu- 
can be given except that such is the nature, or the disposition, of 
tion and negation, just as if we sought why every whole comprehends 
no other argument would be forthcoming than that such is the nature 


Hyhole and part. (Grant 2001, 227) 


another question, in the same book and distinction, Richard asks 
“whether God could be called omnipotent because He can make all 
things that He wishes to make.” In response, Richard declares: 


God is omnipotent and can make all things that He wishes. This power to 
make all things that He wishes to make is not the precise reason of His om- 
fipotence. But He ought to be called omnipotent because He is able to make 
“werything that is absolutely possible, that is possible as was said in the pre- 
“ceding question, and this applies to everything that does not include a con- 
tradiction. (Grant 2001, 227-228) 


‘The way in which the law of non-contradiction determined whether 
God could do this or that action is nicely illustrated by a question 
drawn from the Sentence Commentary of Gregory of Rimini (d. A.D. 
1358). Among the questions Gregory asks about God is whether God 
could make someone, say Peter, sin. “If God would make Peter sin,” 
Gregory argues, “Peter would sin and not sin. That he would sin [if 
God wanted him to sin] is obvious. But that he would not sin is now 
proved: because no one sins by doing what God wishes him to do or 
makes him do. . . . It is therefore obvious, properly speaking, that God 
cannot make Peter sin” (Grant 2001, 225). 

Medieval natural philosophers became engrossed in problems 
about infinites—the infinitely large and the infinitely small. Much of 
their interest was focused on the infinite divisibility of a mathemati- 
cal continuum. Theologians, who frequently used mathematical con- 
cepts developed within natural philosophy, linked this interest to 
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various possible actions by God. They made use of their kn 
that there are an infinite number of proportional parts in an Fit 
gory of Rimini used this knowledge to describe how God vous 
an actually infinite multitude of angels in an hour. In the first 
portional part of the hour, God creates an angel and preserves i 
creates another angel in the second proportional part of the hou n 
preserves it, and then creates and preserves an angel in every succe 
sive proportional part of the hour. Because there are an infinite m 
ber of proportional parts in an hour, God would have cia a 
actually infinite multitude of angels at the end of the hour. 

Similarly, Robert Holkot, a fourteenth-century English theologian, 
combined the infinite divisibility of the mathematical continuum into 
proportional parts with common interest in another doctrine known 
as “first and last instants.” Holkot applied all this to an example in- 
volving free will, merit, and sin. He imagined a situation in whicha 
man is alternately meritorious and sinful during the last hour of his 
life. The man is thus meritorious during the first proportional part of 
his final hour and sinful in the second proportional part; he is again 
meritorious in the third proportional part of his last hour and sinful 
in the fourth proportional part; and so on, through the infinite series 
of decreasing proportional parts until the last instant is reached and 
death occurs. Because the instant of death cannot, and does not, form 
a part of the infinite sequence of decreasing proportional parts of the 
last hour of the man’s life, it follows that there cannot be a last instant 
of his life, and therefore no final instant in which he is either merito- 
tious or sinful. Under these circumstances, God cannot know whether 
to reward or punish this man in the afterlife. In this case, then, the 
doctrine of free will reaches a limit and not even God can overcome 
the dilemma inherent in this example. We see that an appropriate out- 
come is not possible in every case involving free will and a divine sys- 
tem of rewards and punishments (Grant 1996, 154). 

We saw earlier that medieval theologians often assumed the exis- 
tence of an infinite void space beyond our world in which God is om- 
nipresent. Their interest in the infinitely large extended far beyond 
spatial considerations. They repeatedly asked whether God could 
make something that is actually infinite, distinguishing at least three 
kinds of infinites: (1) an infinite magnitude; (2) an infinite multitude 
of things; and (3) an infinitely intense quality like hot or cold. With 
respect to an actual infinite to which nothing more could be added be- 
cause there was nothing left to add, theologians were divided in their 
response as to whether God could create such an infinite. Many the- 
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ss thought God could create an actual infinite, but they could 
jain a paradoxical element that received no answer during the 
idle Ages. The non-theologian John Buridan expresses the paradox 
Questions on Aristotle's Physics (Book 3, question 15) when he 
“hether there is some infinite magnitude?” Buridan denies that 
4 could create an actually infinite magnitude, because if he did, “he 
not create anything that is greater, since it is repugnant [or ab- 
gd] that there should be something greater than an actual infinite” 
+1994, 111). Thus, if there is nothing bigger than an actual infi- 
White, itis a contradiction to suppose that God could create something 
seater than an actual infinite. But if he cannot create anything bigger 
than an actual infinite, God’s absolute power would be restricted. 
" Buridan was merely following the general rule that God can do any- 
thing short of a logical contradiction. Because a contradiction is in- 
volved in this situation, Buridan merely followed the path that any 
theologian would have taken. Nevertheless, he was wary about tread- 
‘ing into the theological domain, and he concludes his argument by 
declaring that “with regard to all of the things that I say in this ques- 
tion, I yield the determination of them to the lord theologians, and I 
wish to acquiesce in their determination” (Grant 1994, 112). 
‘Theologians also found occasions to argue about whether one infi- 
nite could be greater than another infinite, or if instead all infinites are 
equal. Saint Bonaventure raised some of the problems associated with 
infinites in his attack on the Aristotelian assumption of an eternal 
world. In the first of six arguments against an eternal world, Bonaven- 
ture believes he detects a contradiction when he compares the revo- 
Jutions of sun and moon in a world that has an infinite past. Drawing 
upon the arguments of John Philoponus (see chapter 4), Bonaventure 
asserts that the moon will circle the earth twelve times a year, and the 
sun only once. lt follows, Bonaventure argues, that over an infinite 
past, the moon will have made twelve times as many revolutions as 
the sun, from which it further follows that the infinite number of rev- 
olutions made by the moon will be greater than the infinite number 
of revolutions made by the sun. Because Bonaventure, like many oth- 
ers, assumed that all infinites are equal, he concluded that if an eter- 
nity of time could produce such a contradictory consequence, it must 
be false. 

In the fourteenth century, attitudes toward the actual infinite 
changed considerably. Bonaventure’s assumption that one infinite can 
exceed another was rejected by other theologians. Jf the world existed 
from all eternity, says Robert Holkot, it followed that some—and this 
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would have included Saint Bonaven: i 
be a greater number of fingers than ea pee ies 
olutions of the moon than of the sun.” Holkot, ee pbc 
and says that one must simply deny these laine "yan iè 
men, there is a greater number of fingers than me it a te 
finity of men, there is no greater number of fingers than m 
there is an infinity of men and an infinity of fingers” (G; e 
Thus, Holkot denied Bonaventure’s argument that x pE zo 2 
world isan absurdity because a consequence of ami ma 
generation of unequal infinites. Holkot argued that te ee l 
nites 


13) 


Saas and there would be no contradiction, 
deed, Gregory of Rimini went beyond all of his colleagues 
Peps, Setini idea on the relationship between infinit 
ea that lies at the heart of the modern-da infini: Ri 
t arto -day theory of infini 
pe course of discussing infinites, Gregory had eat a ae 
terms such as “part,” “whole,” “greater than,” and “less than,” G 
an arrived x a dazzling idea that in the domain of the pe 
can equal the whole. An example that i: A 
lustrate what Gregory i isthe orap betae ta 
y intended is the relationship bı 
ral numbers and its subset of even n aaea: 
tumbers. Because the ev 
can be placed in a one-to-one corre: i et oe 
c spondence with the set of 
numbers, it follows that there are Mie 
as many even number: 
ete n despite the fact that the set of even naaa 
art of the set of natural numbers, the two infinii 
: a infinite sets are equal, 
cate they can be placed in a one-to-one correspondence. Gregory Fe 
i asi a oon erintultive idea that in the domain of the infinite, 
equal the whole. Unfortunately, Gregory’s discovery 
a $ Ha 
further consequences in the Middle Ages. As john Murdoch pla 


Gregory's resolution of the paradox so frequently generated by the assum 
i i te eternity of the world is by far the most successful and inpresciee 
tha Loree in the Middle Ages. Unfortunately, however, it appears 
ae ran o a received the understanding and appreciation it clearly 

Since the “equality” of an infinite whole with 

v i one or more of i 
ie ie as most challenging, and as we now realize, most crucial a 
pects of the infinite, the failure to absorb and refine Gregory's contentions 
a pues A ove acl thinkers short of the hitherto unprecedented com- 
ion of the mathematics of infinity which easi! irs 
(Murdoch 1969, 224; also cited in CENA DS een 


ty of the 


tiving from an eternal world would be e 
c qual, not une Bonaven. 
ture claimed. Consequently, if the world did pears i 
eternity, the unequal infinites that Bonaventure detected Pen A 
not 
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further explains that although medieval scholars failed to 
ize on Gregory’s extraordinary foresight and insight, such 
about the infinite were common to medieval natural phi- 
y and theology and “led them, as it seldom did their ancient 
sssors, to the heart of the mathematics of the infinite. The fact 
they seemed to realize that it was the heart, and that in treating 
fared as well as, and at times better than, anyone else before, 
ars, the nineteenth century, is unquestionably to their credit” 
och 1969, 224; also cited in Grant 2001, 248). 
ne inclusion of numerous questions devoted to the existence and 
butes of angels in theological commentaries is hardly surprising. 
jtis what we would expect to find in theological treatises, but 
in questions on Aristotle’s natural philosophy, in which angels 
yarely ever mentioned and never discussed. Most questions 
t angels concerned their moral behavior. For example, Thomas 
quinas, in his commentary on the Sentences, asked “whether created 
are blessed,” “whether angels were created in grace,” “whether 
angels there could be sin” (Grant 2001, 255), and so on. These were 
tv ical questions asked in commentaries on the Sentences of Peter 
Lombard. But apart from their spiritual importance, angels were made 
to serve another role: they became a convenient vehicle for the im- 
pottation of natural philosophy into theology. This angelic influx of 
natural philosophy into theology took the form of questions about the 
motion of angels: the way they occupied a place and the way they 
moved from place to place (see Figure 7.2). 

In Summa of Theology, Thomas Aquinas considered the relationship 
of angels to places and, in the form of articles, asked the following 
three questions: “does an angel exist in a place?”; “can an angel be in 
several places at once?”; and “can several angels be in the same place 
at once?” Thomas inquired next about “the local motion of angels,” 
and under this theme posed three more questions: “Can an angel 
move from place to place?”; “Does an angel, moving locally, pass 
through an intermediate place?”; and finally, “whether an angel’s mo- 
tion occurs in time or in an instant?” (Grant 2001, 256). With such 
questions, theologian-natural philosophers were led to compare the 
motions of material bodies, as Aristotle described them, with the mo- 
tions of the immaterial substances of angels, and to determine 
whether an angel occupied a place in the same way as did a material 
body, or in some other manner. Generally speaking, angels were as- 
sumed to occupy places quite differently than did material bodies. 
Bodies were co-extensive with the places they occupied, whereas an- 
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sre not, but merely delimited by the places they occupied. 
at, because an angel was regarded as indivisible, theologians 
that the whole angel could be in every part of the place that 
is it. As for the motion of angels from one place to another, the 
posed by Thomas Aquinas, and cited above, were com- 
discussed—namely, whether an angel’s motion is instanta- 
d whether an angel passes through the mid-point of its path 
it reaches its destination. Most rejected instantaneous motion. 
rd of Middleton, for example, denied that an angel could move 
gh any medium from one place to another in an instant. For if it 
, God, the most powerful force in existence, should be able to 
that angel the same distance in Jess than an instant. But, argued 
d, not even God could move an angel through any distance in 
S time than an instant, because there is no temporal measure 
smaller than an instant. 
Interest in first and last instants of a process was widespread among 
stic natural philosophers. Theologians eagerly imported such 
derations into their own questions. We saw earlier that Robert 
olkot sought to determine if God could know whether a man died 
în a meritorious or sinful state in the last instant of his life. Similarly, 
Hugolin of Orvieto asked whether angels, in the first instant of their 
existence, could be freely unmeritorious and also meritorious (Grant 
2001, 259). 
Not infrequently, theologians transformed what purported to be a 
discussion of some problem about angels into a lengthy consideration 
of time, the mathematical continuum, indivisibles, problems of mo- 
tion, the infinite, and generally, problems that involved the applica- 
tion of logico-mathematical techniques. One of the most extraordinary 
ostensible discussions about angels appears in Book 2 of Gregory of 
Rimini’s Commentary on the Sentences. In a question of approximately 
42 pages in length in the modern edition, Gregory asks “whether an- 
gels were created before time [began], or after time [began]” (Grant 
2001, 259). He mentions angels at the beginning of the question but 
does not mention them again for approximately 39 pages. Instead of 
discussing angels, Gregory presents a detailed analysis of time, draw- 
ing heavily on the philosophical works of Aristotle and Averroes. In 
the very next question, Gregory asks “whether an angel exists in a di- 
visible or indivisible place” (Grant 2001, 260). Gregory divides this 
question into two articles, in the first of which, some 53 pages in 
length, he mentions angels only once. Only in the second article, 


ly 


Fi a it 
igure 7.2. Angels cranking the world to produce its circular motion. (British Library, 


Harl. MS. 4940, fol. 28. Se 
PEE E e Murdoch 1984, 336, for a different illustration of angels 
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which is a mere 9 pages in lengi 
angels. 

In the first lengthy article, Gre; 

i ; 3 gory deals wi 
clusions that involve mathematics, ons eae ace 
this extensive section, Gregory cites Euclid's eae nae ag 
and includes fourteen geometrical diagrams. He inca 4 
questions on angels, much of which are devoted to bk i 
tion, the kind of problems that were normally conside ae 
a natural philosophy. In the fourteenth century, al he 
a Gregory of Rimini’s approach. They connate E : 

ms into exerci: il ea 
ee rcises on natural philosophy, mathematics, 
Natural philosophy was even appli icharist 
: pplied to the E i 
central articles of faith in the Catholic Church, In the Bucks 


th, does Gregory concern hi 


miraculously produces the actual body and blood of Christ fae 


bread and wine used in the Mass. Alth 

3 ough the bread hi ‘come the 
sere of the body of Christ, the bread retains its Use a 
cidental properties. Despite appearances, however, the accidental’ 


Properties no longer inhere in the substance of the bread; they only 
i; i 


behave and appear as if they do. Nor do they exist i These 

j. t ii še 
apparently free-floating accidents violated a fuwiamertol cea of 
i tistotle’ s physics, namely that all accidents, without excepti a 
inhere in a substance. Because it conflicted with the mo me 
successive articles in the Condemnation of 1277 denounced i 


that an accident cannot exist iti 
unless it inheres i 
demned articles declared: See a 


139. That an accident existing with ji 

t ‘out a subject is not an accident, except 
equivocaly: [and] that it is impossible that a quantity or dunes exist 

y itself because that would make it a substance. 

140. That to make an accident exi: i 

‘ist without a subject i i 

ment that implies a contradiction. paan 
141. That God cannot make an accident exist without a subject, nor make sev- 


eral dimensio; ist si i 
a ions exist simultaneously [in the same place]. (Grant 1996, 


It was the task of medieval theologi: i 
à i gians to explain how the accid 
es are as if they inhered in the bread ba did not, and haw RA 
o be reconciled, if at all, with Aristotle’s doctrine. ji 
a ie. Theologians 
gave a range of responses. Some, like William of Ockham tried Re, 
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æ to Aristotle’s explanations as was possible or feasible. As 
sylla has explained, Ockham chose not to modify Aristotle’s 
jn order to explain what seemed inexplicable by natural phi- 
phy, but explained the naturally inexplicable by assuming God’s 
se} intervention (Sylla 1975, 363). Thus, Ockham chose to invoke 
iN direct supernatural intervention at those points where he would 
had to twist natural philosophy to fit theological requirements. 
illa expresses it, Ockham “allows natural philosophy its proper 
omy” (Sylla 1975, 366). 
purely theological questions, such as those about the Eucharist, 
y scholars, Jike Ockham, did not use natural philosophy to explain 
manifestly supernatural actions, which they regarded as beyond 
But they used natural philosophy to explain various aspects of 
theological problem that were amenable to rational discourse. In 
jons about the Eucharist, for example, theologians discussed 
es, quantities, and the nature of dimensions, topics that Aristo- 
had discussed and which his followers elaborated upon. Article 139, 
d above, condemned the Aristotelian axiom that no quality, quan- 
or dimension could exist independently of a material body, and 
cle 141 denounced a basic Aristotelian concept that two or more 
dimensions could not exist simultaneously in the same place. These 
Aristotelian ideas were contrary to two basic concepts inherent in the 
I ist, and both had to be rejected if the Eucharist was to be made 
credible to the faithful. Not only did Articles 139 and 141 place limita- 
tions on God’s absolute power, but Article 139 denied that God could 
miraculously produce the actual body and blood of Christ in the bread 
and wine used in the Mass (several different dimensions could not exist 
in the same place simultaneously). Articles 139 and 141 both denied 
that the accidents of the bread, though still visible, could inhere in the 
substance of the bread, which had become the body of Christ. 

For better or worse, natural philosophy became embedded in such 
theological themes as the Eucharist and the Resurrection, and in such 
problems as the increase of charity, or grace, which gave rise to a large 
body of literature called the “intension and remission of forms or qual- 
ities,” in which the intensions and remissions of all sorts of qualities 
were mathematized, both arithmetically and geometrically. 

Anything that could be identified as a variable quality would have 
been eligible for mathematization. We need only mention sensible 
qualities such as color and abstract qualities such as justice, health, 
honor, joy, and pain to convey an idea of the range of qualities. The 


218 Science and Religion, 400 a.c. to A.D. 1550 


intension of any quality involved a greater intensification, of 
ity, as when an apple becomes redder; or a leaf becomes g 
pain becomes greater, A quality undergoes remission, when it} 
less intense, as when, to use the previous examples, the apple 
less red; the leaf becomes less green; and the pain is Brad 
quickly reduced. Scholastics came to assume that qualities were 
extended magnitudes or weights, so that identical qualitative pan 
could be added or subtracted. Indeed, they arbitrarily assigned de 
Brees to qualities and added or subtracted them, thereby making qy 
itative variation amenable to mathematical treatment, usin, 
arithmetic and geometry. The medieval origin of the problem is ý 
in Peter Lombard’s Sentences, Book 1, distinction 17, in which P 
asks “whether it ought to be conceded that the Holy Spirit could: 
increased in man, [that is] whether more or less [of it} could be had 
or given” (Grant 1996, 99). Peter replies that charity, which is RE 
by the Holy Spirit, cannot increase in man, because that would imply 
a change in the Holy Spirit, which is unchangeable. Hence, if charity 
varies from person to person, it is because humans are capable ofa. 
greater or lesser participation in the unchanging Holy Spirit. 
Because from the thirteenth century onward all theological students 
commented on the Sentences, Peter’s discussion of Variations in grace 
served to stimulate interest in the problem of qualitative variation— 
or the intension and remission of forms, or qualities, as they came to aA n 
be called. It is from these beginnings that an important body of me- k pen . 
dieval literature came into being on the variation of qualities. The in- ipa 1 ere quis efeu Mh 
tension and remission of forms became the most mathematized aspect 4 sel pan feet yf, 
of medieval natural philosophy. Although the problem continued to ji a a A 
be discussed in the Sentence Commentari , the most important work t eat eny 
was done in treatises on natural philosophy. The quantitative and q a i $ p ta pun 
mathematical description of qualitative variation was first developed an" i 
at Merton College at Oxford University during the 1330s and 1340s, 
and soon reached the University of Paris, where sometime around 
1350, Nicole Oresme composed the most comprehensive and extraor- 
dinary treatise on qualitative variation (see Figure 7.3). Because ve- 
locities were treated as analogous to qualities, Oresme included, 
among a large number of mathematical proofs, a geometric proof of 
what was later called the “mean speed theorem”—that is, a proof of 
the mathematical formulation s = 1/ 2a}, where s is distance traversed, 
ais acceleration, and t is time. Although Oresme did not recognize the 
importance of this law of falling bodies, Galileo did when he applied 
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Figure 7.3. Nicole Oresme in his study. The instrument is an armillary shee Mee the Heavy- 


of astronomy. Miniature from Oresme’s French translation of Aristotle's Latin 
ens. (Bibliothèque Nationale, MS. Fr. 565, fol. 1r) 
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it to falling bodies in the sixteenth centur 
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a springboard for the development of Ga ean mae 
val 
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From all that has been said about the int i 
F terrelations bei 
philosophy and theology, it is obvious that theology ee s s 
small impact on natural philosophy, whereas natural philosop iy 
and mathematics had so great an influence on theology ue 
Te 


natural philosophy than theology or religion. “i 
ion. “One i 
merous Sentence Commentaries,” observes ath Sylla, on poin ea 


in which natural science is used extensivel 

ch natural s y, and there are some Si 

eed which in fact seem to be works on logic and natural scence a 
in response to each theological i i g 

; 4 ‘ question raised, 

dminedietly in into a logical-mathematical-physical dead pe 

returns only briefly at i i hand, 
ES ly ly at the end to the theological question at , (Sylla 


To Sylla’s pertinent comment, we may appropri: 

John Murdoch, who declares that Tani pore ea 
century theological tracts... successfully masqueraded as straight 
forward tracts in natural philosophy” (Murdoch 1975, 276). 

It appears that natural philosophy in the hands of ‘theologians be- 
came more innovative and exciting than the natural philosophy pro- 
duced by arts masters, who were non-theologians. Although arts 
masters, like John Buridan, pursued questions involving God's ab- 
oe power, they were more apt than theologians to emphasize that 
A a God could do all those acts, it did not follow that he had 
aone them. Although theologians would probably have agreed with 

e arts masters, they treated most of the counterfactual questions as 
real problems to be resolved by the use of all available tools, which 
almost always meant natural philosophy, logic, and mathematics And 
because they were applying natural philosophy to interesting i and 
even bizarre, theological questions, the theologians were edie 


having 
wise Why 


shaped the discipline, transforming its subject matter more nearly into 
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philosophy into many areas that the arts masters were, for all 
purposes, forbidden to enter. 
Thus, the potential intermingling of theology and religion with nat- 
philosophy was the business of theologians, not natural philoso- 
rs, who lacked theological training. The consequences of this 
roach for theology were significant. Many of the questions the- 
ans included in their Sentence Commentaries give the appearance 
been formulated so that the authors might apply or test their 
g skills by means of the basic analytic tools available to 
_—namely, natural philosophy, logic, and mathematics. Other- 
would they have asked questions such as: 


tural 


whether an angel is in a divisible or indivisible place; 

‘whether an angel could sin or be meritorious in the first instant of his exis- 
tence; 

whether God could cause a past thing [or event] to have never occurred; 

Wwhuthee an angel could be moved from place to place without passing 
through the middle [point]. (Grant 2001, 277-278) 


All of these, and many more like them, required analytic techniques 
to produce plausible responses. Medieval theologians were appar- 
ently strongly motivated—or perhaps even compulsively driven—to 
explain as much about their faith in rational terms as was feasible. As 
theologians made theology more and more analytic, they seem to have 
emptied their discipline of spiritual content. All attempts by the 
church to make theology less analytic and more spiritual failed dis- 
mally. Indeed, the attempts were often half-hearted. 

The hundreds of questions on natural philosophy in treatises on 
Aristotle's natural books and in works on theology probed all aspects 
of the world, including physical nature, the supernatural, and an 
imaginary world of hypothetical and possible phenomena. The only 
significant restrictions on inquiry into natural phenomena during the 
late Middle Ages in both natural philosophy and theology were re- 
lated to revelation. Revelation was comprised of truths derived di- 
rectly from God, or from his revealed word in holy scripture. 
Revelation embraced such fundamental Christian truths as the Trin- 
ity, incarnation, redemption, the Eucharist, and the divine creation of 
the world from nothing. These were regarded as beyond the compre- 
hension of reason and logic and were to be believed on the basis of 
faith alone. Most theologians who attempted to analyze revealed 
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truths usually did so to better comprehend, o1 i 

ready believed on faith. If, Peate a ko eee $ ie 
that were contrary to revealed truth, he had to reject then ae 
cused of heresy. One could, however, discuss prop ie 
sions that were the opposite of revelatory truths. That is, o 
simply assume their truth hypothetically for the sake of an ps : 
Indeed, that is how Aristotle’s contrary-to-faith doctrines z ae 
cussed, especially after the Condemnation of 1277, For exam ia a 
could set aside the doctrine of creation from nothing by re e 
natural philosophy that material bodies could come into b rie 
from previously existent material bodies. While such an pe i 
was made by all medieval Christian natural philosophers, the a aa 
all have agreed that while it was true for natural things, it ee ee 
in the Christian religion, in which it was an article of faith that Re 
world was created from nothing. * 

But what about holy scripture? How were its texts to be intey 
by natural philosophers, especially when these might ithe, 
sertions regarded as true in Aristotle’s natural philosophy? On. Fe 
important theme, general guidelines were furnished by Saint A 
tine in his commentary on Genesis: “In matters that are obscure coi 
far beyond our vision, even in such as we may find treated in Hol 
Scripture, different interpretations are sometimes possible with 
prejudice to the faith we have received. In such a case, we should not 
tush headlong and so firmly take our stand on one side that, if fur- 
ther progress in the search of truth justly undermines this Position, 
we too fall with it” (Augustine 1982, 1:41). Augustine did, however, 
insist that whenever possible and feasible, holy scripture should be 
taken literally, as, for example, in interpreting the waters above the 
firmament. “Whatever the nature of that water and whatever the man- 
ner of its being there,” he declares, “we must not doubt that it does 
exist in that place. The authority of Scripture in this matter is greater 
than all human ingenuity” (Augustine 1982, 1:52). 

In Summa of Theology, Thomas Aquinas adopted both aspects of Au- 
gustine’s approach, as, indeed, did Saint Bonaventure. In discussing 
whether the firmament was made on the second day, Thomas declares 
(pt. 1, question 68, art. 1): 


Augustine teaches that two points must be kept in mind when resolving such 
questions. First, the truth of Scripture must be held inviolable. Secondly, when 
there are different ways of explaining a Scriptural text, no particular expla- 


ositions or conclus 
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should be held so rigidly that, if convincing arguments show it to be 
anyone dare to i that it is still the definitive sense of the text. Oth- 
_ unbelievers will scorn Sacred Scripture, and the way to faith will be 
to them. (Thomas Aquinas 1967, 10:71-73) 


Thomas’ attitude proved popular and shaped the attitude of nu- 
merous theologians toward the Bible and its relations to natural phi- 
josophy. Virtually no theologians or natural philosophers from the 
jate thirteenth to fifteenth centuries interpreted biblical descriptions 
gfcosmological or physical phenomena in a literal sense. All scholas- 
tic natural philosophers and theologians accepted Aristotle's judg- 
ment that the world is a sphere, despite biblical statements in Psalm 
{03 in which heaven is said to be stretched like a skin, or to be like 
an arched roof. In his commentary on the Sentences, Saint Bonaven- 
tue explains the conflict between the natural philosopher's interpre- 
tation of the shape of the world and the biblical descriptions by 
informing his readers that “Scripture, condescending to poor, simple 
people, frequently speaks in a common way. And so when it speaks 
about the heaven, it speaks in a way that the heaven appears to our 
senses, and [therefore] says that with respect to our hemisphere the 
heaven is like a skin, or a stretched, arched roof” (slightly altered from 
Grant 2001, 266). 

In the course of presenting arguments about the possible daily axial 
rotation of the earth, Nicole Oresme, in the fourteenth century, 
adopted a similar attitude. To silence those who cited biblical passages 
clearly indicating that the sun moved around an immobile earth, 
Oresme observed that one could reply “by saying that this passage 
conforms to the customary usage of popular speech just as it does in 
many other places, for instance, in those where it is written that God 
repented, and He became angry and became pacified, and other such 
expressions which are not to be taken literally” (Oresme 1968, 531). 

By adopting a flexible attitude about the interpretation of biblical 
passages, the Church and its theologians inadvertently made a highly 
icant contribution to the advancement of science and natural 
philosophy. Had they insisted on a literal interpretation of scripture, 
rather than allow for allegorical and metaphorical interpretations, nat- 
ural philosophy would probably have been stifled and retarded. Over 
and over again, literal interpretations were replaced by interpretations 
from natural philosophy for which reasonable evidence could be fur- 
nished. Despite the debacle in the seventeenth century when the 
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Chapter 8 


——mm 


Relations between Science 
and Religion in the Byzantine 
Empire, the World of Islam, and 
the Latin West 


their own 
by the neeg 


Wehave now described in detail the long history of the relations be- 
tween science and religion as it developed in Latin Christendom, or, 
more generally, Western Europe. Developments in Western Europe 
during the late Middle Ages, from approximately a.D. 1150 to 1500, 
were the end process of a lengthy evolution derived from two other 
great and important civilizations: the Byzantine Empire and Islam. It 
will be illuminating, and even essential, to compare the fate of sci- 
ence-religion relationships in these two civilizations with what we 
have described thus far for the medieval West. It is from these three 
disparate contemporary civilizations, each distinguished by use of a 
different language—Greek in the Byzantine Empire; Arabic in the do- 
minion of Islam; and Latin in Western Europe—that we derive the firm 
foundations of Western civilization after the Middle Ages, founda- 
tions that have, for better or worse, brought us to the present, Because 
the Byzantine Empire was the direct successor of the Roman Empire 
and survived, albeit in much diminished circumstances, until it fell to 
the Ottoman Turks in 1453, it is appropriate to begin our comparisons 
with the Byzantine Empire. 


ployed â questioning approach to 
MeN eee the supernatural, and h 
‘ ittons. They were as ii di 
if God had made oH ee 


THE BYZANTINE EMPIRE 


From the foundation of the Roman Empire in 27 B.c.—when Oc- 
tavius assumed the title of Augustus and was thereafter known as 
Caesar Augustus, the first Roman emperor—until the fourth century 


226 Science and Religion, 400 e.c. to a.D. 1550 


A.D, Rome was the capital of a vast geographical area that sı 

from the coastal regions along the Atlantic Ocean to the lands bor 

dering the eastern Mediterranean. After relative Peace for the fi 3 
centuries of its existence, the Roman Empire fell into turmoil Wa 
ternal conflict during the next three centuries. Eventually the pe a 
Diocletian (a-b. 284-305) divided the empire in two, a wesw ot 


eastern part, the former embracing the Latin-speaking regions of the 


empire, the latter the part in which Greek was the dominant lan, 
Thus it was that in a.D. 286, the emperor Diocletian appoint Ma: £ 
imian, one of his trusted generals, to rule as co-emperor in the we 3 
while he ruled in the east. Although this split did not work vert 
it remained in effect until the late fifth century and then in wale oe 
until a.D. 800, when, on Christmas day, Pope Leo III crowned Charla. 
magne Holy Roman Emperor. f 
The split Diocletian made between East and West w 
inforced by Constantine the Great, Roman emperor ce aa e 
In the year 330, Constantine moved his capital from Rome to the ci ; 
of Byzantium, on the Bosphorus, the narrow body of water that 4 
arates Europe from Asia. The new capital was named after the em- 
peror and called Constantinople, which, after the Turks conquered it 
in 1453, became Istanbul, the capital of modern Turkey. As Rome giad- 
ually emerged as the headquarters of the Roman Catholic Church, 
Constantinople became the great center of the Roman Empire, Al- 
though in theory, the Roman Empire was one empire under two sep= 
arate but equal rulers, the western part fell into a chaotic state, and its 
fate was virtually independent of the eastern empire, which contin- 
ued on with what was left of the Roman Empire until its fall in 1453. 
Constantine the Great also played a significant role in the triumph 
of Christianity when, in 313, he issued the Edict of Milan (or the Edict 
of Toleration), granting Christians full equality with other religions, 
and thus freedom of worship. In 392, the emperor Theodosius made 
Christianity the state religion of the empire, its only legal religion, 
Pagan temples were closed and it became illegal to worship pagan 
gods. To do so was regarded as treason. Thus it was that as the em- 
pire in the West weakened and gradually declined, the church grew 
in strength and numbers and became the dominant force in Westem: 
Europe. 
Following the split in the Roman Empire itself, there followed a split 
within Christianity, producing a Greek Orthodox Church in the east- 
ern half of the empire and a Roman Catholic Church in the western 
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» This dramatic event occurred in the sixth century, when the 
=4tholic Church changed the Nicene Creed that had been proclaimed 
p. 325. Where the creed had originally declared that the Holy 
Spirit proceeded “from the Father” alone, the Catholic Church added 
jhe words “and the Son” (filioque). The Greek Orthodox Church found 
F ighly objectionable, regarding it as tantamount to a declaration 
hat the Holy Spirit proceeded from two distinct Gods. Thus was the 

Jit between the western and eastern Christian churches begun and 
tarried on for centuries until it became a de facto reality in 1054, when 
jhe Pope sent legates to Constantinople who excommunicated the pa- 
triarch of the Greek Orthodox Church, along with his associates. The 
officials of the Orthodox Church responded similarly, by condemning 
the papal legates. 

Inthe relations between church and state, the Byzantine Empire and 
the West differed in a major way. Where the West, as we saw, recog- 
nized a difference between church and state, the Byzantine Empire 
was essentially a theocracy. The Byzantine Emperor was regarded as 
the head of church and state. He had the authority to appoint and re- 
move the patriarchs of the Orthodox Church. Despite their great au- 
thority, emperors rarely tried to change church dogma, failing on the 
few occasions when they tried. Although this lack of separation of 
church and state was a hindrance to the development of science and 
natural philosophy, the Byzantines confronted an even greater prob- 
lem than dwelling in a theocratic state. The Byzantine Empire was al- 
ways surrounded by actively hostile enemies and was constantly at 
wax. So ongoing and unrelenting were the wars, that “neither litera- 
ture nor science benefited from those strong impulsions which they 
normally derive from the human energies that are released in the sea- 
sonal transformations of society. For all progress, all movement was 
blanketed by the requirements of defence. Nor on the other hand 
could literature and scientific advancement exercise their potentially 
great influence; for the developments which they might have set in 
motion were at every turn stopped by the same obstacle” (Bolgar 1954, 
89). 

Within the Byzantine theocracy, the Orthodox Church proved an ob- 
stacle to the study of science and natural philosophy. From the ninth 
to fifteenth centuries, the church sought more to discourage than to 
facilitate the study of Greek science and natural philosophy. Indeed, 
philosophy and science were always regarded as the handmaidens of 
theology, an idea that was eventually abandoned in the medieval 
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West. The Orthodox Church was hostile to the 

plines for their own sake. Before the Sues a ise, 
took hoid, Greek scholars in the first three centuries ofthe Š a 
Pire made remarkable contributions to science. Some of ed : 
names in the history of Greek science flourished in this period, 
these are included the greatest astronomer of antiquii a 
Ptolemy (c. A.D. 100-c. 170), and the most renowned adr 
medical researcher of the ancient world, Galen (c. AD, Daa 
Other lesser but nonetheless important contributors could also by 


mentioned. Indeed, until the end of the sixth century, important con. 


tributions to natural philosophy were made in the Byzantine 
by a number of commentators on the works of Aristotle, such as 
Alexander of Aphrodisias (fl. 2nd-3rd century a.p.), Theiss o 
A.D. 317—c. 388), Simplicius, and most important of all, the Chil ty 
neo-Platonist John Philoponus, whose ideas were destined to have; 
large impact on both Islamic and Latin natural philosophy. 
But the level of achievement was seriously affected in AD. 529, 
when, on religious grounds, the emperor Justinian ordered the inal 
ing of Plato’s Academy in Athens, forcing a number of philosophers 
to depart the Byzantine Empire and move to the East. After that nat- 
ural philosophy and science played a minor role in Byzantine intel- 
lectual life. This is surprising when we realize that, as compared to 
their contemporary counterparts in Islam and the Latin West, Byzan- 
tine scholars were truly fortunate, because their native language was 
Greek. They could read, study, and interpret, without problems of 
translation, all the works available in the Greek language that had ac- 
cumulated in the Byzantine Empire, especially in Constantinople, 
since the fifth and fourth centuries v.c. Indeed, most of our Greek 
manuscripts come from Byzantium. And yet, Byzantine scholars ap 
pear not to have taken advantage of this readily available treasure 
house of science and natural philosophy. Although many of the works 
of Byzantine scholars lie unread in libraries and archives, especially. 
in Istanbul, it is not likely that discoveries of previously unknown 
works will alter our overall judgment of their scholarly contributions, 
The explanation lies in the fact that the attitude of Byzantine scholars 
was overwhelmingly backward looking, as is evident from a state- 
ment by Theodore Metochites, a fourteenth-century student of classi- 
cal thought, who declared in the preface of his Historical and 
Philosophical Miscellanies: “The great men of the past have said every- 
thing so perfectly that they have left nothing for us to say” (Runciman 
1970, 94). This negative attitude may be compared to Islamic and 
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estern Christian scholars, who often went beyond the ancient Greek 
orities and regarded it as wholly appropriate to disagree with 
sm-and thereby add to the sum total of human knowledge. It is a 
dox of history that the civilizations of Islam and Western Europe 
uted significantly to the store of human knowledge, using 
slated works and often lacking important earlier texts, while the 
tines, who had command of the Greek language and easy ac- 


“jo capitalize on their good fortune. 


| Despite a generally negative assessment of Byzantine contributions, 


phere were periods during the eleventh century, and especially during 


fourteenth and fifteenth centuries, even as the empire was disin- 
ting, that Byzantine intellectual life burgeoned forth to such an 


extent that scholars have labeled these periods “renaissances.” In the 


first half of the fifteenth century, some Byzantine scholars brought 
knowledge of Greek and Greek manuscripts to Italy, helping to spark 
what has been called the Italian Renaissance. Although during these 
"renaissance" periods we find much greater interest in Greek litera- 
ture and science, no significant works were composed that had any 
detectable influence. 

Constant warfare undoubtedly sapped the intellectual strength of 
Byzantine intellectual life. But the Orthodox Church also played an 
inhibiting role. The church sometimes persecuted those scholars 
whom it viewed as too drawn to pagan, secular thought. The church 
recognized that it could not stop the study of traditional Greek secu- 
lar works, from which it itself drew some benefits. But efforts were 
made, sometimes unconsciously, to keep Hellenism under control. In 
the ninth century, when the main secular interest favored science, the 
church preferred to encourage the formal study of language. In the 
eleventh century, when a secular revolution with a nationalist bias had 
made the pagan past momentarily popular, the church took over ed- 
uation on a large scale and introduced techniques of study that left 
the shell of Atticism without its substance. In the fourteenth century, 
some of the more daring Hellenists were persecuted, and had it not 
been for the general collapse, the church would no doubt have tried 
again to get control of the educational system (Bolgar 1954, 89-90). 

We saw that in the Latin West theologians embraced Greek science 
and natural philosophy to such an extent that we can actually speak 
of a class of theologian-natural philosophers. Because the theologians 
embraced the study of natural philosophy as essential for theology, 
the West was able to institutionalize the study of natural philosophy 
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in the universities, so that student: 
exposed to it, as well as to logic. Te nee se 
philosophy by generation after generation of Sane i PEE € 
rope established the rationalistic approach to nai ran 
dispensable prelude to the advent of early rodeos = be 
like this occurred in the Byzantine Empire, where eo 
indifferent or hostile to the study of a secular subj eae 
losophy, which never became a regular subj cee pe: 
of Byzantium. 
Although they failed to take advanta; i ` 
Greek language and advance the legacy oaa a iv 
sand years of Greek science and natural philosophy Bye oe 
make a momentous contribution to the ultimate deanna k: 
ence: Byzantine scholars preserved the texts of Greek sci a 
ural philosophy. It was from the Byzantine Empire mee 
manuscripts of Greek scientific texts were transmitted to 1 ip 
ng aeons of Islam and Western Europe, where EA ae psi 
na ly translated into Arabic and Latin. This vital cane ee be 
than makes up for the failure of Byzantine scholars to do ft tel a 
justice to the treasures that lay at their disposal for so many enki 


ISLAM 


If the Byzantines failed to tak i 
e genuine advant j 
ene rose the Greek manuscript tana pry 
natural philosophy, those to whom the Greek la 
1 nguage was a for- 
ee and meena to read those treatises in E bene e 
carry on the traditions of ancient science i h 
surpassed anything achieved b» i ne ae 
n y their Byzantine pred | 
psa Greek science and natural phic chy woe cae 
ae LER ae ee to the new civilization of Islam, which first 
in history during the seventh century A. ‘ 
eared i r D. In 
een, which was disseminated slowly, eee shana 4004 ma 
0 ee the state religion of the Roman Empire, Islam was anal 
ae ae Se speed, taking approximately one hundred 
ecome the dominant religion in a vast i 
eographi 7 
ae ee between the beginnings of alam ant Cheskaniy: are 
ee: Thoni armies at its disposal, Christianity spread by mis- 
ry zeal; Islam spread largely by military conquest. Where Mus- 


ibject of study in the schools. 
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jes prevailed, the Muslim religion was installed. The conver- 
of the conquered people was encouraged and facilitated. Indeed, 
of Muslim armies was to convert conquered peoples. Another 
ing difference lay in the fact that Christianity was born within the 
an Empire and was subordinate to it for four centuries, during 
time Christians adjusted to pagan Greek thought and jearned 
fuse it for their own purposes. By contrast, Islam was born outside 
‘gf the Roman Empire and was never in a subordinate position with 
act to other religions and governments. Thus, Islam did not have 
adjust to one or more alien cultures or to Greek philosophy and sci- 
“ence, Although Greek science and natural philosophy eventually 
“played a significant role in Islamic thought, it was always an outside, 
“align force, as is apparent from the fact that Greek science and natu- 
‘tal philosophy were known within Islam as the “foreign sciences,” in 
‘eontrast to the “Islamic sciences” that were based on the Qur'an and 
Jslamic law and traditions, which always held the highest place in Is- 
Jamie life. 
Despite the fact that the “foreign sciences” were not part of the ini- 
tial Islamic tradition, they were destined to become part of it as Islam 
moved onto the world stage. Muslim scholars, and a number of Chris- 
‘tians and Jews who lived within the civilization of Islam, came to look 
with favor on the idea of absorbing the fruits of Greek science and nat- 
ural philosophy. To accomplish this, it was necessary to translate much 
of the Greek legacy in science and natural philosophy into Arabic, the 
language of the Qur’an and of Muslims in the heartland of Islam in 
the Middle East. The translating activity began even before Islam was 
born. Christian scholars in Syria and Persia, many of whom were na- 
tive Greek speakers, began translating Greek texts into Syriac, a Se- 
mitic language related to Arabic. During the ninth and tenth centuries, 
when the Arabic phase of translations was underway, numerous schol- 
ars knowledgeable in both Greek and Arabic, or Syriac and Arabic, 
translated many of the great Greek treatises into Arabic. So intense was 
the desire for Greek science and natural philosophy, that A.I. Sabra, 
the eminent historian of Islamic science, has characterized the massive 
translating activity of the ninth and tenth centuries as an “appropria- 
tion” rather than a mere passive “reception” (Sabra 1987, 226-229). 
These translations laid the foundation for Islam's great contributions 
to science and natural philosophy over the next four or five centuries. 
Islamic contributions to the exact sciences and medicine occasioned 
no concern, because those disciplines were not controversial and were 
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indeed regarded as useful. Great contribution: i 
ety of sciences by al-Biruni (a.D. 973-d. after 1050), pore rs 
far-ranging scientific writer of the Islamic world, whe. ‘ete 
astronomy, geography, chronology, mathematics, mechani “ 
cine, and pharmacology, as well as other fields. The list of isla 
entists and natural philosophers to the beginning of the thi ‘ 
century is lengthy and illustrious. Among the most noteworthy: aati 
Khwarizmi (fl. c. A-D. 800-847; algebra and arithmetic); al-Farghand k 
after A.D. 861; astronomy); al-Kindi (c. A.D. 801-c. 866; optics, ~ 
cine, music, and natural philosophy), known as the “first pe 
philosopher”; al-Battani (fl. c. a.D. 880; astronomy); Ibn al-Ha a 
(a.D. 965-c. 1040; optics, astronomy, and mathematics), known ee 
West as Alhazen; Omar Khayyam (c. a.D. 1048-c. 1131; various ws = 
of mathematics, especially algebra in which he solved cubic equal 
also a famous poet best known in the West for his Rubaiyat); Khas 
(fl. c. a.D. 1115-c. 1130; astronomy, mechanics, and scientific ps 
ments); al-Bitruji (c. A.D. 1190; astronomy and natural philosoph i 
known as Alpetragius in the West. Pay 
There were also a number of famous physicians, some of whom 
erted a large influence on Western medicine. Noteworthy in this E 
are al-Razi (c. a.D. 854-c. 935; known in the West as Rhazes, heed 
on measles and smallpox; a number of his works were translated ints 
Latin and were quite influential); Ibn Sina (a.p. 980-1037; known in 
the West as Avicenna; his famous medical treatise was translated into 
Latin and used as a textbook in medical schools under the title Canon 
of Medicine); Ibn Rushd (a.p. 1126-1198; known in the West as Aver- 
toes, he was not only a physician but, like his predecessor, Ibn Sina, 
a famous commentator on the works of Aristotle); and Ibn al-Nafis a. 
A-D. 1288; medicine; he discovered the lesser, or pulmonary, blood oir: 
culation). Many more names could be added to the list of Islamic sci- 
entists who contributed significantly to the exact sciences and 
medicine. These scientific and medical treatises did not stir any ani- 
mosity or religious hostility. It was quite otherwise with natural phi- 
losophy. 

In Islamic natural philosophy, Aristotle was the major influence, 
with Plato playing an indirect role to the extent that his ideas were in- 
corporated into neo-Platonic treatises that were translated into Ara- 
bic. Plato's dialogues were too difficult to translate into Arabic and 
too difficult to utilize. Although Aristotle’s treatises were hardly easy 
to comprehend, they were far more intelligible than Plato’s dialogues. 


tise of 


3, TM 
mic seje 


Relations between Science and Religion 233 


jth all of Aristotle's works—except the Politics—available in Arabic 
‘» the mid-eleventh century, the translating movement that had 
jn Baghdad under the Abbasid Caliph al-Mansur (ruled A.D. 
1775) in the eighth century was essentially concluded (Peters 1968, 
1). Included in what might be called the Islamic Aristotelian cor- 
‘pus were works by Greek commentators of the fourth to sixth cen- 
juries, such as John Philoponus and Simplicius. With Aristotle’s texts 
yvailable, and those of some of his late Greek commentators, scholars 
gn the Islamic world began to write their own commentaries as well 
asindependent works utilizing Aristotle's natural philosophy. Among 
the most important Islamic natural philosophers were al-Kindi, al- 
Farabi (c. A.D. 870-950), fbn Sina (see Figure 8.1), Ibn Bajja (d. A.D- 
1139), and Ibn Rushd. Some of the works of each of these five natural 
jlosophers were translated into Latin and had a significant impact 
on Western thought. Indeed, Ibn Rushd had a great impact on West- 
em thought but virtually none in the Islamic world, where he was lit- 
tle known. But there were many other Islamic natural philosophers 
who were unknown in the West but quite influential in the Islamic 
world. In Baghdad, the intellectual center of the Islamic world, nu- 
merous other natural philosophers were important in the late tenth 
and eleventh centuries. Moreover, there was an important tradition of 
philosopher-physicians in Baghdad and elsewhere. One of the great- 
est was Hunayn ibn Ishaq (A-D. 808-873), an important translator of 
Aristotle's works and also an author of commentaries and original 
Works in philosophy, natural philosophy, and medicine. The tradition 
of philosopher-physicians extends to the eleventh and twelfth cen- 
turies, with Tbn Sina in the former century, and Ibn Rushd in the lat- 
ter. 
From the ninth to the end of the twelfth centuries, and perhaps even 
a century or two later, natural philosophy was a vibrant subject dis- 
cussed and taught by numerous individuals, with a few centers where 
it was especially concentrated—often at the court of a ruling caliph. 
If it was vibrant during this period, its existence was also ephemeral 
and precarious. Throughout the history of medieval Islam, the role of 
Greek philosophy was problematic. At any particular time, there were 
those who viewed it favorably, while others, undoubtedly a consid- 
erable majority, viewed it, at best, with indifference, and often enough 
with some degree of hostility. Occasionally, the attitude ofa caliph was 
instrumental in altering attitudes toward natural philosophy, but 
more often attitudes toward natural philosophy and Greek thought 
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Figure 8.1. Avicenna (lbn Sina). (The National Library of Medicine.) 


oe (eored, by Muslim religious leaders, who exercised great in- 

PEES peenar regions or cities. Not only was Greek philosophy 
r as a foreign science, but the te i 

falasifa) was often employed n Po eer finar 


In the intellectual hierarchy of medieval Islamic society, scholars 
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ish three levels (Huff 1993, 69). Because Islam was a nomoc- 
first level was comprised of legal scholars. Religious law and 
ons were valued above all else and, therefore, valued even more 
theology- Next in order came the mutakailimun, scholars who 
4 Greek philosophy to interpret and defend the Muslim religion. 
mutakallimun emphasized rational discourse, to which they 
d the authority of revelation. And finally, at the bottom were the 
, the Islamic philosophers, who followed rational Greek 
t, especially the thought of Aristotle. Not surprisingly, the 
phers placed greatest reliance on reasoned argument while 
playing revelation. The philosophers sought to develop natural 
jesophy in an Islamic environment, and, as A. 1. Sabra has put it, 
did so, “often in the face of suspicion and opposition from certain 
quarters in Islamic society” (Sabra 1994, 3). 

Of the three Islamic groups just distinguished—namely, legal schol- 
ars, Who were almost always traditionalists, the mutakallimun, and 
jlosophers—the traditionalists made no real use of Greek philoso- 
phy, largely because they found it a threat to revealed truth and the 
Islamic faith. In their bitter struggle with each other and with the tra- 
ditionalists, the mutakallimun and the philosophers made much use 


of Greek philosophy. The mutakallimun were primarily concerned 


with the kalam, which, according to A. I. Sabra, is “an inquiry into God, 
‘and into the world as God’s creation, and into man as the special crea- 
ture placed by God in the world under obligation to his creator” 
(Sabra 1994, 5). Thus, kalam is a theology that used Greek philosoph- 
ical ideas to explicate and defend the Islamic faith, 

‘Two groups of mutakallimun have been identified: the Mu’tazilites, 
who were the more extreme, and the Ash’arites (see Hyman and 
Walsh 1973, 205). Both groups shared an attitude “against the passive 
acceptance of authority in matters of faith.” It was their intention to 
replace the “passive acceptance of authority” with “a state of knowl- 
edge (‘ilm) rooted in reason” (Sabra 1994, 9). The Mu’tazilites were re- 
garded as Islamic rationalists who equated the power of reason with 
that of revelation (Huff 1993, 111). They are said to have “made an out- 
standing contribution to Islamic thought by the assimilation of a large 
number of Greek ideas and methods of argument” (Watt 1985, 54). 
These arguments and methods were not adopted for their own sake 
but rather for their utility in understanding the Islamic religion. In the 
ninth century, the Mu'tazilites gained the support of caliphs like al- 
Mamun and Mutassim, as well as influential intellectuals. The sup- 
portive caliphs persecuted those who opposed the Mu'tazilite belief 
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that the Qur'an was created by God. They i 
bo . -y implemented irtual i 
quisition. Because many thought the rationalism of the Ma i 


was extreme, Sunni Muslims often regarded them as heretics A 


1985, 55). Their ascendancy ended with the rule i 
iin on who destroyed their movement a Eo caliph 
The Ash’arites, who followed the teaching of al-Ash‘ari 
are the second group of mutkallimun. They broke din ee 
and replaced it as the main representatives of kalam. Ash’arism, re 
ever, was a complicated movement, with some of its follower pe 
phasizing rationalism, while others argued in the traditionalists oa 
(see Makdisi 1962, 37-80; 1963, 19-39). Although both Muesli 
Ash’arites were severe critics of the philosophers, they were tee 
selves regarded as too rational and were bitterly opposed bı à 
onae PE both from the Sunni and Shiite sides. é 
in treating the attitudes toward natural philosophy sci 
medieval Islam, it is essential to have a faa Seu va ae 
between Muslim traditionalism and Muslim rationalism, which wi y 
engaged in an ongoing and bitter struggle about the role of tian ti 
intellectual life. George Makdisi provides a useful way to distinguish 
between Muslim traditionalism and Muslim rationalism; 


The traditionalists made use of reason in order to understand what they con: 
sidered as the legitimate sources of theology: scripture and tradition, "What 
they could not understand they left as it stood in the sources; they dia not 
make use of reason to interpret the sources metaphorically. On the other hand, 
the rationalists advocated the use of reason on scripture and tradition; and 
all that they deemed to contradict the dictates of reason they interpreted 
serphesealy in order to bring it into harmony with reason. (Makdisi 1963, 


The antithetical approaches of the Muslim traditionalists and the 
Muslim rationalists can be illustrated directly from the mutakallimun 
themselves, namely from the Mu'tazilites and Ash’arites. What was 
one to make of anthropomorphic statements in the Qur'an that speak 
of “the face of Allah, His eyes and hands, his sitting on His throne, 
and His being seen by the Faithful in Paradise” (Arberry 1957, 20)? 
The strong tendency in Islam was to take such statements literally. 
Thus al-Ash‘ari himself, for whom reason in theology was still im- 
portant, declared: “We confess that God is firmly seated on His 
throne....We confess that God has two hands, without asking 


Hoodbhoy io 
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ow... We confess that God has two eyes, without asking how. ... 
confess that God has a face” (Arberry 1957, 22). 
T Mu'tazilites, however, viewed these same statements metaphori- 


“cally: God has no bodily parts; he has no parts or divisions; he is not 


finite. They also believed that “He cannot be described by any de- 
kcription which can be applied to creatures, in so far as they are cre- 
ated... The senses do not reach Him, nor can man describe Him by 
“analogy: - -- Eyes do not see Him, sight does not reach Him, phantasy 
annot conceive Him nor can He be heard by ears” (Arberry 1957, 23). 
{am unaware of any analogous discussion in the Christian West dur- 
ing the Middle Ages. Medieval Latin theologians regarded anthropo- 
‘morphic descriptions of God as metaphorical pronouncements, 


The Philosophers in Islam 


Of the three groups distinguished earlier, the least popular were the 
philosophers, whom the mutakallimun and conservative Muslims at- 
tacked because they used natural philosophy and logic to acquire truth 
for its own sake, which usually signified that they were ignoring reli- 
gion. One of the most significant Ash’arite thinkers, the famous al- 
Ghazali (a.b. 1058-1111), leveled a devastating attack against 
philosophy. He was fearful of the detrimental effects on the Islamic re- 
ligion of subjects like natural philosophy, theology (actually meta- 
physics), logic, and mathematics. In his famous quasi-autobiographical 
treatise, Deliverance from Error, he explains that religion does not re- 
quire the rejection of natural philosophy, but that there are serious ob- 
jections to it because nature is completely subject to God, and no part 
of it can act from its own essence. The implication is obvious: Aris- 
totelian natural philosophy is unacceptable because it assumes that 
natural objects can act by virtue of their own essences and natures. That 
is, Aristotle believed in secondary causation—that physical objects are 
capable of causing effects in other physical objects. Al-Ghazali found 
mathematics dangerous because it uses clear demonstrations, thus 
leading the innocent to think that all the philosophical sciences are 
equally lucid. As al-Ghazali relates, a man will say to himself, “if reli- 
gion were true, it would not have escaped the notice of these men [that 
is, the mathematicians] since they are so precise in this science” (trans- 
Jated in Watt 1953, 33). Al-Ghazali explains further that such a man 
will be so impressed with what he hears about the techniques and 
demonstrations of the mathematicians that “he draws the conclusion 
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that the truth is the denial and rejection of religion. How many hai 
seen,” al-Ghazali continues, “who err from the truth because of se 
high opinion of the philosophers and without any other basis” (We 
1953, 33). Although al-Ghazali allowed that the subject matter of mate 
ematics is not directly relevant to religion, he included the mathemat 
ical sciences within the class of philosophical sciences tie, 
mathematics, logic, natural science, theology or metaphysics, Politics, 
and ethics) and concluded that a student who studied these sciences 
would be “infected with the evil and corruption of the Philosophers, 
Few there are who devote themselves to this study without bein, 
stripped of religion and having the bridle of godly fear removed from 
their heads” (Watt 1953, 34). 

In his great philosophical work The Incoherence of the Philosophers, al- 
Ghazali attacks ancient philosophy, especially the views of Aristotle, 
He does so by describing and criticizing the ideas of al-Farabi and Avi- 
cenna, two of the most important Islamic philosophical commentators 
on Aristotle. After criticizing their opinions on twenty philosophical 
problems, including the eternality of the world, that God knows only 
universals and not particulars, and that bodies will not be resurrected 
after death, al-Ghazali declares: “All these three theories are in violent 
opposition to Islam. To believe in them is to accuse the prophets of 
falsehood, and to consider their teachings as a hypocritical misrepre- 
sentation designed to appeal to the masses. And this is blatant blas- 
phemy to which no Muslim sect would subscribe” (al-Ghazali 1963, 
249). 

Al-Ghazali regarded theology and natural philosophy as dangerous 
to the faith. He had an abiding distrust of philosophers and praised 
the “unsophisticated masses of men,” who “have an instinctive aver- 
sion to following the example of misguided genius.” Indeed, “their 
simplicity is nearer to salvation than sterile genius can be” (al-Ghaz- 
ali 1963, 3). As one of the greatest and most respected thinkers in the 
history of Islam, al-Ghazali’s opinions were not taken lightly. 

In light of al-Ghazali’s attack on the philosophers, it is not surpris- 
ing to learn that philosophers were often subject to persecution by re- 
ligious leaders. Many religious scholars regarded philosophy, logic, 
and the foreign Greek sciences in general as useless and even ungodly, 
because they were not directly useful to religion. Indeed, they might 
even make one disrespectful of religion (Huff 1993, 68). In the thir- 
teenth century, Ibn as-Salah ash-Shahrazuri (d. A.D. 1245), a religious 
leader in the field of tradition (hadith), declared in a fatwa that “he who 
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“gudies or teaches philosophy will be abandoned by God’s favor, and 
" Gatan will overpower him. What field of learning could be more des- 
-picable than one that blinds those who cultivate it and darkens their 
hearts against the prophetic teaching of Muhammad.” Logic was also 
targeted, because, as Ibn as-Salah put it, “it is a means of access to phi- 
Josophy. Now the means of access to something bad is also bad” 
{Goldziher 1981, 205). Ibn as-Salah was not content to confine his hos- 
tility to words alone. In a rather chilling passage, he urges vigorous 
action against students and teachers of philosophy and logic: 


‘Those who think they can occupy themselves with philosophy and logic 
merely out of personal interest or through belief in its usefulness are betrayed 
and duped by Satan. It is the duty of the civil authorities to protect Muslims 

inst the evil that such people can cause. Persons of this sort must be re- 
moved from the schools and punished for their cultivation of these fields. All 
those who give evidence of pursuing the teachings of philosophy must be 
confronted with the following alternatives: either (execution) by the sword or 
(conversion to) Islam, so that the land may be protected and the traces of 
those people and their sciences may be eradicated. May God support and ex- 
pedite it. However, the most important concern at the moment is to identify 
all of those who pursue philosophy, those who have written about it, have 
laught it, and to remove them from their positions insofar as they are em- 
ployed as teachers in schools. (Goldziher 1981, 206) 


Although many others shared the attitude of Ibn as-Salah, logic con- 
tinued to be used as an ancillary subject in scholastic theology (kalam) 
and in many orthodox religious schools. But there was enough hos- 
tility toward philosophy and logic in Islam to prompt philosophers to 
keep a low profile. Those who taught it did so privately to students 
who might have sought them out. Following the translations in the 
early centuries of Islam, Greek philosophy, primarily Aristotle's, re- 
ceived its strongest support from a number of individuals scattered 
about the Islamic world. As we have already mentioned, al-Kindi, al- 
Razi, Ibn Sina, and Ibn Rushd were among the greatest Islamic 
philosophers. Ali were persecuted to some extent. 

Al-Kindi’s case reveals important aspects of intellectual life in Islam. 
The first of the Islamic commentators on Aristotle, al-Kindi was at first 
favorably received by two caliphs (al-Mamun and al-Mutassim), but 
his luck ran out with al-Mutawwakil, the Sunni caliph mentioned ear- 
lier. According to Pervez Hoodbhoy, “It was not hard for the ulema 
[religious scholars] to convince the ruler that the philosopher had very 
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dangerous beliefs. Mutawwakil soon ordered the confiscation of 
scholar’s personal library. ... But that was not enough. The sixty-year. 
old Muslim philosopher also received fifty lashes before a large ise 
which had assembled. Observers who recorded the event say hi 
crowd roared approval with each stroke” (Hoodbhoy 1994, 11), The 
other four scholars were also subjected to some degree of Petsecution, 
and a number of them had to flee for their safety. 

Persecution and harassment of those who advocated the use of tea. 
son to explicate revelation are unknown in the medieval Latin Wes 
after the mid-twelfth century, when, as we saw in chapter 5, Bernard 
of Clairvaux and other traditional theologians opposed the applica: 
tion of reason to theology. In his relentless assault on Peter Abel, 
Bernard undoubtedly had much in common with Islamic traditional. 
ist theologians. Bernard’s hostile attitude lingered on into the first 
forty years of the thirteenth century, but only at the University of 
Paris, where church authorities first banned the books of Aristotle 
from public or private use, then sought unsuccessfully to censor them, 
By the 1240s, however, Aristotle's books of natural philosophy were 
taught and read at the University of Paris. Indeed, they had become 
the core of the curriculum in the arts faculty of that great medieval 
university (see Grant 1996, 70-80). After the 1240s and for the rest of 
the Middle Ages, attacks on reason would have been regarded as 
bizarre and unacceptable. Some theologians were opposed to certain 
of Aristotle's ideas, but, like Saint Bonaventure, they used Aristotelian 
natural philosophy and fully recognized that they could not do the- 
ology without it. Scholars were sometimes accused of heresy, and oc- 
casionally the church tried to curb the excessive use of logic and 
natural philosophy in theological treatises, but I know of no instance 
where religious authorities sought to prevent the study of natural phi- 
losophy because it threatened religion. Indeed, as time passed, Aris- 
totelian natural philosophy only became more entrenched in the 
medieval universities. By the time of the Galileo affair in the seven- 
teenth century, the church went to great lengths to defend and pro- 
tect Aristotle’s natural philosophy. 

How different it was in Islam, if we judge by a question that Ibn 
Rushd (Averroes) posed in the twelfth century in his treatise On the 
Harmony of Religion and Philosophy (see Figure 8.2). In this treatise, Ibn 
Rushd sought to determine “whether the study of philosophy and 
logic is allowed by the [Islamic] Law, or prohibited, or commanded- 
either by way of recommendation or as obligatory” (Averroes 1976, 
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Figure 8.2. Averroes (Ibn Rushd), the Commentator, (Woodcut portrait, Wellcome 
Library, London) 


44). In the thirteenth century, Ton as-Salah ash-Shahrazuri, an expert 
on the tradition of Islam whom we have already met, asud a es 
ten reply (fatwa) to a question that asked, in Ignaz Goldziher s wore y 
“whether, from the point of view of religious law, it was permissible 
to study or teach philosophy and logic and further, whether it we 
permissible to employ the terminology of logic in the elaboration a 
religious law, and whether political authorities ought to move ata 
a public teacher who used his a to discourse on philosophy ani 
i out it” (Goldziher 1981, 205). 

Do TSi in all this is the fact that, in the twelfth patent 
Tbn Rushd and, in the thirteenth century, Ibn as-Salah were grappl ne 
with the question of whether, from the standpoint of the religious law, 
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it was legitimate to study science, logic, and natural Philosophy, even 
though these disciplines had been readily available in Islam since the 
ninth century. Ibn Rushd felt compelled to justify their study, while 
Ibn as-Salah, astonishingly, denied their legitimacy (as we saw ¢arljeg 
in this chapter). I know of no analogous discussions in the Jate Latin 
Middle Ages in which any natural philosopher or theologian felt com- 
pelled to determine whether the Bible permitted the study of secular 
subjects. It was simply assumed that it did. 

Even so enlightened an author as Ibn Khaldun (A.D. 1332~1406) was 
hostile to philosophy and philosophers. On the basis of his great Int: 
roduction to History (Muqaddimah), Ibn Khaldun is regarded as the first 
historian to write a world history. According to Franz Rosenthal: “The 
Muqaddimah was indeed the first large-scale attempt to analyze the 
group relationships that govern human political and social organiza. 
tion on the basis of environmental and psychological factors” (Rosen- 
thal 1973, 321). 

Despite his brilliance as an historian, Ibn Khaldun included a chap- 
ter in the Muqaddimah titled “A refutation of philosophy. The corrup- 
tion of the students of philosophy” (Ibn Khaldun 1958, 3:246-258), In 
this chapter, Ibn Khaldun condemns the opinions of philosophers as 
wrong and proclaims to his fellow Muslims that “the problems of 
physics are of no importance for us in our religious affairs or our liveli- 
hoods. Therefore, we must leave them alone” (Ibn Khaldun 1958, 
3:251-252). He regarded the study of logic as dangerous to the faith- 
ful unless they were deeply immersed in the Qur’an and the Muslim 
religious sciences to fortify themselves against its methods. 

When religious authorities in a society are fearful of the effects of 
natural philosophy on religious beliefs, and are also sufficiently in- 
fluential to curtail and weaken the impact of science and natural phi- 
losophy on the faithful, they will almost certainly use their powers to. 
limit the spread and dissemination of those secular disciplines. This 
scenario is avoidable only if at least three conditions exist: (1) Natural 
philosophy is widely regarded as an independent discipline worthy 
of study; (2) The state supports and protects natural philosophy; and 
(3) The religious authorities regard natural philosophy favorably. 
Without the third condition, it is unlikely that the first two conditions 
could be attained. In Western Europe during the late Middle Ages, the 
third condition was clearly in effect, which enabled the first condition 
to come into being. 

None of these conditions were met in Islam, perhaps because Islam 
is a theocracy in which church and state form a single entity. There i 
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posecular state apparatus distinct from the Islamic religion. As a con- 
"sequence, the schools, or madrasas, had as their primary mission the 
“aching of the Islamic religion, and paid little attention to the foreign 
“sciences, which, as we saw, were comprised of the science and natu- 
ral philosophy derived ultimately from the Greeks. The analytic sub- 
“jects derived from the Greeks certainly did not have equal status with 
religious and theological subjects. Indeed, the foreign sciences played 
a rather marginal role in the madrasas, which formed the core of Is- 
lamic higher education. Only those subjects that illuminated the 
Qur'an or the religious law were taught. One such subject was logic, 
which was found useful not only in semantics but was also regarded 
as helpful in avoiding simple errors of inference. The primary func- 
tion of the madrasas, however, was “to preserve learning and defend 
orthodoxy” (Mottahedeh 1985, 91). In Islam, most theologians did not 
regard natural philosophy as a subject helpful to a better under- 
standing of religion. On the contrary, it was usually viewed as a sub- 
ject capable of subverting the Islamic religion and, therefore, as 
potentially dangerous to the faith. Natural philosophy always re- 
mained a peripheral discipline in the lands of Islam and was never in- 
stitutionalized within the educational system, as it was in Latin 
Christendom. Hence, it was never able to create a large body of stu- 
dents who would use the techniques and methods of natural philos- 
ophy to approach nature and its operations in a wholly rationalistic 
manner. The absence of a large body of students trained in natural 
philosophy may well have affected the exact sciences, which eventu- 
ally faltered and faded. Many of the problems of the exact sciences are 
drawn from natural philosophy. Without a vibrant, inquisitive natu- 
tal philosophy that has substantial societal support and encourage- 
ment, the exact sciences are not likely to receive the requisite degree 
of intellectual stimulation to make dramatic advances. They are likely 
t0 stagnate and eventually grind to a halt. This is perhaps why the 
great initial promise of Islamic science and natural philosophy failed 
to come to fruition, so that between 1500 and 1600, the science and 
natural philosophy of Western Europe surpassed that of Islam. 


THE LATIN WEST 


Prior to this chapter, I focused on the relations between science and 
religion in the Latin West, and it is therefore unnecessary to summa- 
rize what has already been said. Instead, I shall compare the natural 
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philosophy in the West to its fate in the Byzantine 
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mtas much natural philosophy as they could into the resolution of 
ical problems, while avoiding any temptations to theologize 
philosophy. This explains why some medieval theologians can 
sted with the best of the secular natural philosophers, such as 
a Buridan and Albert of Saxony. Some theologians, such as Alber- 
jagnus and Nicole Oresme, were clearly superior to them. 
py their actions, theologians in the West were full participants in 
pe development and dissemination of natural philosophy. They made 
possible for the institutionalization of natural philosophy in the uni- 
‘yersities of the late Middle Ages, and therefore its extensive dissemi- 
ation: Nothing like this occurred in the Byzantine Empire or in Islam. 
saw that in Islam there was often overt hostility to natural phi- 
hy and to natural philosophers, who were derisively called 
“philosophers.” 

‘Why did theologians in the West embrace natural philosophy and 
Jogic so ardently? There can be little doubt that they were convinced 
that these disciplines were essential for the analysis and explication 
of theology. This attitude was already embodied in the conception of 
natural philosophy as the handmaiden of theology, an attitude that 
was formed in the early centuries of Christianity. Over the centuries, 
theologians had gained much experience in dealing with problematic 
issues in natura) philosophy that were potentially subversive of 
church doctrine. In the final analysis, the benefits the theologians 
thought they could derive from the study and use of natural philoso- 
phy in theology, and for its own sake, far outweighed any feelings of 
tuneasiness they may have felt. 

With regard to natural philosophy, which, as I have argued, was the 
vital element in preparing the way for early modern science, the atti- 
tude of the theologians and of the church they served was instru- 
Mental, firstly, in permitting natural philosophy to develop as it did, 
and secondly, in contributing significantly to the rationalistic and an- 
alytic nature of medieval natural philosophy. There was nothing like 
this among the theologians and clerics of medieval Byzantium and 
Islam. Indeed, it is very likely their basic hostility toward the claims 
of natural philosophy that made it, at best, a peripheral activity. To 
flgurish, and take deep and extensive root, natural philosophy re- 
quires a tolerant attitude from the society within which it functions. 
There has to be a strong sense that natural philosophy provides the 
key to an understanding of the operations of the natural world. In 
Islam, there was no such confidence in the powers of natural philos- 
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jpilosophy would either neglect religion or come to regard it as 
‘or to natural philosophy. Islam’s failure to separate church and 
nullified an institutional advantage it had over Western Chris- 

the latter was organized as a centralized, hierarchical 
le individual—the Pope—holding ultimate power, 


Muslims. Under these circumstances, 
might expect that freedom of inquiry and the cultivation of a vi- 
t, sustained natural philosophy would have been more likely to 
secur within the decentralized Muslim religion than within the highly 
ontralized Catholic Church of Western Europe. As we now know, the 

erse occurred: the West developed a lively natural philosophy, 
‘whereas in Islam natura] philosophy became a peripheral and suspect 


n the support of their fellow 


The separation of church and state in Western Europe, however, 
wed an enormous boon to the development of science and natural 
jlosophy. The church did not view natural philosophy as a disci- 
ine that had to be theologized or made to agree with the Bible. Al- 
felt threatened in varying degrees by Aristotle’s 
natural philosophy in the first three-quarters of the thirteenth century, 
by the end of that century Aristotle's natural philosophy was fully ac- 
ted by all, and it formed the basis of a university education. Al- 
though the Byzantine Empire fell to the Ottoman Turks in 1453, 
Western Christianity continued on with its separation of church and 
state. Indeed, as the centuries passed, some nation states of Europe 
became as powerful as, if not more powerful than, the church, which 
had a diminished capacity for influencing science and natural philos- 
ophy. With the advent of the Protestant Reformation, the sphere of in- 
fluence of the Catholic Church diminished further. As the nation states 
gained parity with the church and then surpassed it in power and in- 
fluence, science and natural philosophy had as much, if not more, to 
fear from the state as from the church. ‘Although this was not a prob- 
Jem during the late Middle Ages, it became one in the twentieth cen- 
tury, as Nazi Germany and the Soviet Union bear witness. With regard 
to these two European states, the traditional problems between sci- 
ence and religion became problems between science and the state. 
The separation of church and state that was an integral part of West- 
ern Christianity from its outset was of momentous significance. It 
made numerous institutional developments feasible that might not 
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‘The source readings presented below illustrate some of the major 
jdeas discussed in the book: the handmaiden concept of science and 
natural philosophy with respect to religion and theology (Reading 1) 
and beliefs of philosophers that were regarded as errors with respect 
to the faith (Reading 2). The final four readings concern issues rele- 
vant to God’s power and the cosmos, namely arguments about the 
eternity of the world (Readings 3 and 4); and the way medieval nat- 
ural philosophers discussed hypothetical situations about our world 
and the possible existence of other worlds {Readings 5 and 6). 


SS 
Roger Bacon (A.D. 1214-c. 1292) 

The “Opus Majus” of Roger Bacon. A 
translation by Robert Belle Burke. 2 vols. 
Philadelphia: University of Pennsylvania 

Press, 1928. Vol. 1, pp. 65-67, 72-74 


PHILOSOPHY AND SCIENCE ARE WORTHLESS IN THEMSELVES BUT ARE 
VALUABLE AS HANDMAIDENS OF RELIGION 


In this selection, Roger Bacon forcefully advocates the handmaiden ap- 
proach that many Christians had adopted. The handmaiden concept was 
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a compromise between rejection of traditional hk 
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any via bets mest notably Clement of Alexandria, Origen, pan 
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ture and the articles of faith, comprehending scrip. 


CHAPTER XV 


HENCE it follows of necessi i 
z follows ity that we Christia 
pallor in divine things, and in matters eee ae 
2 ea things belonging to theology, so that itis opp 
: ‘af there is one wisdom shining in both. The necessity of he va 
; establish not only on account of the unity of wisdom, bı a 
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‘osophers many truths of his wisdom. The ake 
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ee ene and therefore philosophy can have eal a 
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‘om. Wherefore philosophy by itself is nothing, but i 
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because nothing is perfect in human discoveri 
‘overies. The 
nee eee ane age aoe supply what the ancients Inte beta 
into their labors, by which, unless we a d l 
E to better things, since it is most wretched peanas 
iscoveries and never be on the track of new i 
ones, as Boeti 
says, and as we proved clearly above in the Proper place, Christians 
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jse ought to handle all matters with a view to their own profes- 
which is the wisdom of God, and to complete the paths of the 
sieving philosophers, not only because we are of a later age and 
“gught to add to their works, but that we may compel the wisdom of 
he philosophers to serve zealously our own. For this the unbelieving 
phers do, compelled by truth itself as far as it was granted 
fem: for they refer all philosophy to the divine wisdom, as is clear 
from the books of Avicenna on Metaphysics and Morals, and from Al- 
harabius, Seneca, and Tullius (that is, Cicero], and Aristotle in the 
Metaphysics and Morals. For they refer all things to God, as an army 
toits chief, and draw conclusions regarding angels and many other 
things; since the principal articles of the faith are found in them; for 
a5 wiB be set forth in the morals, they teach that there is a God and 
that he is one in essence, of infinite power and goodness, triune in 
rsons, Father, Son, and Holy Spirit, who created all things out of 
nothing; and they touch on many things concerning Jesus Christ and 
the Blessed Virgin. Likewise also they teach us of Antichrist and the 
angels and of their protection of men, and of the resurrection of the 
dead and of future judgment and of the life of future happiness prom- 
ised by God to those obedient to him, and of the future misery which 
he purposes to inflict on those who do not keep his commandments. 
They write also innumerable statements in regard to the dignity of 
morals, the glory of laws, and concerning a legislator who must re- 
ceive the law from God by revelation, who is to be a mediator of God 
and men and a vicar of God on earth, the Lord of the earthly world. 
When it shall be proved that he has received the law from God, he 
must be believed in all things to the exclusion of all doubt and hesi- 
tation; who must direct the whole race in the worship of God and in 
the laws of justice and peace, and in the practice of virtues because of 
the reverence of God and because of future felicity. [We must avail 
ourselves of their teachings] because they wrote that the worship of 
idols should be destroyed, and because they prophesied of the time 
of Christ. From whatever source the philosophers got these statements 
and similar ones, we find them in their books, as a clear proof will 
show in what follows, and any one can discover the fact who cares to 
read through the books of the philosophers. For we cannot doubt that 
these things were written by them, from whatever source they re- 
ceived them. Nor should we be surprised that philosophers write such 
statements; for all the philosophers were subsequent to the patriarchs 
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y and they can form the common points of complete philosophy 
i iheology. And these are recognized by the fact that they must be 
on to believers and unbelievers, so that they may be so well 
n, when they are brought forward and proved, that they cannot 
s denied by the wise and those instructed in the philosophy of the 
jevers. For the unbelieving philosophers are ignorant of many 
‘things at present concerning divine matters, and if these were suitably 
before them and proved by the principles of the complete philoso- 
, that is, by the vivacity of reason, which has its origin in the phi- 
josophy of the unbelievers, although completed by the faith of Christ, 
ney would receive it without contradiction and would rejoice in re- 
rd to the truth set before them, because they are eager for wisdom 
and are more studious than Christians. I do not say, however, that any 
one of the special articles of the Christian faith should be received on 
trial, but there are many common rational truths, which every wise 
man would easily accept from another, although he might be ignorant 
of them himself, as every man studious and desirous of knowledge 
jearas many things from another and receives them by rational argu- 
ments, although he was formerly ignorant of them. 

‘Those philosophizing should not be surprised, therefore, if they must 
needs raise philosophy to the level of divine things and theological 
truths and the authorities of sacred writers, and employ these freely 
whenever the occasion arises, and prove them when necessary, and by 
means of these prove other matters; since without doubt philosophy 
and theology have much in common. The sacred writers not only speak 
as theologians, but as philosophers, and frequently introduce philo- 
sophical subjects. Therefore Christians desiring to complete philosophy 
ought in their works not only to collect the statements of the philoso- 
phers in regard to divine truths, but should advance far beyond to a 
point where the power of philosophy as a whole may be complete. And 
for this reason he who completes philosophy by truths of this kind must 
not on this account be called a theologian, nor must he transcend the 
bounds of philosophy; since he can handle freely what is common to 
philosophy and theology and what must be accepted in common by be- 
lievers and unbelievers. There are many such matters besides the state- 
ments of unbelieving philosophers, which belonging as it were within 
the limits of philosophy the man philosophizing in the right way should 
collect, wherever he finds them, and he should assemble them as 
though they were his own, whether they occur in the books of the sa- 
cred writers, or in the books of the philosophers, or in sacred Scripture, 
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Giles of Rome (c. A.D. 1243-1316) 
_ Errores Philosophorum. Critical text 
with notes and introduction by Josef Koch. 
_ English translation by John O. Ried] j 
Milwaukee, WI: Marquette University Press, 
1944, PP- 3, 11-15, 25. Reprinted with ; 
Permission of Marquette University Press 


ERRORS OF THE PHILOSOPHERS: PRELUDE TO THE 
CONDEMNATION OF 1277 


Th ‘ k 
ai ist See to Aristotle and Averroes by Giles of Rome in 1274 
eeu aes of the errors condemned at Paris in 1277, Of 
ingled out by Gil K g i z 
r R Hs S by Giles, only the “errors” of Aristotle and 
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HERE BEGIN THE ERRORS OF THE PHILOSOPHERS 
ARISTOTLE, AVERROES, AVICENNA, ALGAZEL, 
T AND MAIMONIDES COLLECTED BY BROTHER 
GILES OF THE ORDER OF ST. AUGUSTINE 


And first comes 
CHAPTER I 


A Compilation of the Errors of Aristotle. 


CHAPTER IL 


In which the Errors of Aristotle are Restated in Summary. 
‘The following therefore are all his errors in summary: 


4. That motion did not have a beginning. 
2. That time is eternal. 
3, That the world did not have a beginning. 
4, That the heavens were not made. 
5, That God could not make another world. 
6. That generation and corruption had no beginning and will have 
no end. 
7, That the sun will always cause generation and corruption in the 
subjunary world. 
8, That nothing new can proceed directly from God. 
9. That the resurrection of the dead is impossible. 
10. That God could not make an accident without a subject. 
11. That there is only one substantial form in any composite. 
12. That it is impossible to admit a first man or a first rainfall. 
13. That two bodies cannot in any way be in the same place. 
14. That there are as many angels as there are orbs. Thus it follows 
that there are only fifty-five or forty-seven. 


There were some who wished to justify the Philosopher's view 
about the eternity of the world. But this justification cannot stand, be- 
cause he bases himself always upon the abovementioned principle in 
order to demonstrate philosophical truths. In fact he scarcely ever 
wrote a book on philosophy in which he did not say something per- 
taining to this principle. 

Again, in addition to the aforementioned errors, some people 
sought to attribute to him the doctrine that God knows nothing out- 
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side of Himself, so that this sublunary world i 
They take as their reason for this ER PERE Š 
are found in book XII of the Metaphysics in the chapter The Svat 
of the fathers’. But that they do not understand the Philos ee 
that this is not his intention, is clear from the statements se 
chapter On good fortune, where he says that God of Hi: em 
ees both the past and the future. Other errors also a ae 
him. We are not concerned with them, because they ari ne 
misunderstanding. 7 arise E 


CHAPTER IV 


A Compilation of the Errors of Averroes. 


CHAPTER V 


In which the Abovementioned Errors are Restated in Summary 
All the errors of the Commentator, exclusive of those which a alse 
errors of the Philosopher, are as follows: d 


Thar no law is true, although it can be useful. 
Bi angel cannot move anything directly except a celestial 
et an angel is pure act. 

at in no production is the power of the pr i 

n ‘od 

peanon of the thing produced. A SEA 

at diverse effects cannot at th i i 
R e same time proceed directly from 
That God does not have any provid indivi 

lence o 

That there is no trinity in Cod. aa 
abel God does not know singulars. 

at some things come to be as a result of an i ini: 
1 e an inner determinism 
T T naten independently of any order of divine providence, 

k t the intellective soul is nof multiplied with the multiplication 
A of bodies, but is numerically one. i 

- That it is the sensitive soul that i i 

K places man in the species man. 

12. Anat there is no more perfect unity produced by he union of 

e intellective soul with the body than by the union of the 
mover of the heavens with the heavens. 
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SAINTS BONAVENTURE AND THOMAS AQUINAS ON 
THE ETERNITY OF THE WORLD 


S 


Saint Bonaventure (A.D. 1221-1274) 

In St. Thomas Aquinas, Siger of Brabant, 
St. Bonaventure On the Eternity of the 
World (De Aeternitate Mundi). Translated 
from the Latin with an introduction by 
Cyril Vollert, SJ, STD, Lottie H. Kendzierski, 
Paul M. Byrne. Milwaukee, WI: Marquette 
University Press, 1964, pp. 105, 107-113. 
Reprinted with permission of Marquette 
University Press 


WHY THE ETERNITY OF THE WORLD IS LOGICALLY IMPOSSIBLE 


The eternity of the world, in which Aristotle firmly believed, was, as we 
saw, contrary to the Christian faith. In this selection, Bonaventure pres- 
ents a number of arguments to show that the eternity of the world is ab- 
surd and contradictory. Many of his arguments were derived ultimately 
from John Philoponus, a Christian neo-Platonist in the sixth century. Ob- 
serve that Bonaventure does not appeal to the Bible or faith; his intent is 
to refute belief in an eternal world solely by logic and reason. 


The question is: Has the world been produced in time or from eter- 
nity. That it has not been produced in time is shown. 

[Bonaventure now presents six arguments from Aristotle and oth- 
ers who believed in the eternity of the world. These are omitted. He 
then gives his arguments against Aristotle and in favor of a world cre- 
ated in time from nothing.) 

But there are arguments to the contrary, based on per se known 
propositions of reason and philosophy. 

1. The first of these is: It is impossible to add to the infinite. This is per 
se evident because everything which receives an addition becomes 
more; “but nothing is more than infinite.” If the world lacks a begin- 
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ning, how i infini! ii 
g ever, it has had an infinite duration, and consequently 


can be no addition to its duration. But this is certainly false a 


every day a revolution is added to a revolution; refore, 
were to say that it is infinite in past time EEEN ane fae You 
respect to the present, which now is, and, accordingh Pat is 
respect, in which it is finite, that the “more” is to be fn cd ee the 
out to you that, to the contrary, it is in the past that the “m a oe 
found. This is an infallible truth: If the world is eternal, fant es 
lutions of the sun in its orbit are infinite in number. Again meek 
necessarily been twelve revolutions of the moon for peas Oe 
sun, Therefore the moon has revolved more times than then ae 
sun an infinite number of times. Accordingly, that Which Ges eis 
infinite as infinite is discovered. But this is impossible; howe i 
2. The second proposition is: itis impossible for the infinite in inna 
to be ordered. For every order flows from a principle toward ye 
Therefore, if there is no first, there is no order; but if the du: nti 
the world or the revolutions of the heaven are infinite, the ae of 
have a first; therefore they do not have an order, and one is Tae before 
another, But since this is false, it follows that they have a first, it E 
say that it is necessary to posit a limit (statum) to an ordered Ai 
only in the case of things ordered in a causal relation, because aini 
causes there is necessarily a limit, I ask why not in other cases. More 
over, you do not escape in this way. For there has never been a et 
lution of the heaven without there being a generation of animal aa 
animal. But an animal is certainly related causally to the animal kam 
which it is generated. If, therefore, according to Aristotle and reas 
it is necessary to posit a limit among those things ordered in a causal 
relation, then in the generation of animals it is necessary to posit a first 
animal. And the world has not existed without animals; eion ete. 
3. The third proposition is: It is impossible to traverse what Is infinite. 
But if the world had no beginning, there has been an infinite number 
of revolutions; therefore it was impossible for it to have traversed 
them; therefore impossible for it to have come down to the present. If 
you say that they (i.e., numerically infinite revolutions) have not been 
traversed because there has been no first one, or that they well could 
be traversed in an infinite time, you do not escape in this way. For I 
shall ask you if any revolution has infinitely preceded today’s revo- 
lution or none. If none, then ail are finitely distant from this present 
one. Consequently, they are all together finite in number and so have 
a beginning. If some one is infinitely distant, then I ask whether the 
revolution immediately following it is infinitely distant. If not, then 
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neither is the former (infinitely) distant since there is a finite distance 
een the two of them. But if it (ie, the one immediately follow- 
js infinitely distant, then I ask in a similar way about the third, 
the fourth, and so on to infinity. Therefore, one is no more distant than 
other from this present one, one is not before another, and so they 
are all simultaneous. 

4 The fourth proposition is: It is impossible for the infinite to be grasped 
ty a finite power. But if the world had no beginning, then the infinite 
iş grasped by a finite power; therefore, etc. The proof of the major is 
per se evident. The minor is shown as follows. I suppose that God 
alone is with a power actually infinite and that all other things have 
limitation. Also I suppose that there has never been a motion of the 
heaven without there being a created spiritual substance who would 
either cause or, at least, know it. Further, I also suppose that a spiri- 
tual substance forgets nothing. If, therefore, there has been, at the 
game time as the heaven, any spiritual substance with finite power, 
there has been no revolution of the heaven which he would not know 
and which would have been forgotten. Therefore, he is actually know- 
ing all of them and they have been infinite in number. Accordingly, a 
spiritual substance with finite power is grasping simultaneously an 
infinite number of things. If you assert that this is not unsuitable be- 
cause all the revolutions, being of the same species and in every way 
alike, are known by a single likeness, there is the objection that not 
only would he have known the rotations, but also their effects as well, 
and these various and diverse effects are infinite in number. It is clear, 
therefore, etc. 

5. The fifth proposition is: it is impossible that there be simultaneously 
an infinite number of things. But if the world is eternal and without a 
beginning, then there has been an infinite number of men, since it 
would not be without there being men—for all things are in a certain 
way for the sake of man and a man lasts only for a limited length of 
time. But there have been as many rational souls as there have been 
men, and so an infinite number of souls. But, since they are incor- 
ruptible forms, there are as many souls as there have been; therefore 
an infinite number of souls exist. If this leads you to say that there has 
been a transmigration of souls or that there is but the one soul for all 
men, the first is an error in philosophy, because, as Aristotle holds, 
“appropriate act is in its own matter.” Therefore, the soul, having been 
the perfection of one, cannot be the perfection of another, even ac- 

cording to Aristotle. The second position is even more erroneous, since 
much less is it true that there is but the one soul for all. 
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6. The last argument to this effect is: It is i il 
being after non-being to have eternal being, BeA fiat which ha 
tradiction. But the world has being after non-being. Thane Pies 
possible that it be eternal. That it has being after non-bei, pe P isim 
as follows: everything whose having of being is DER ES Mao 
is produced by the latter out of nothing; but the wand hi a 
totally from God; therefore the world is out of nothing. Bot, i 
nothing as a matter (materialiter); therefore out of nothin a cae 
(originaliter). It is evident that everything which is totally coud Be 
something differing in essence has being out of nothin, is a * 
totally produced is produced in its matter and form. But sd ie 
not have that out of which it would be produced because it ae ae 
oes ie Deo). Clearly, then, it is out of nothing. The minor, = tal 

world is totally produced is evi discus 
ee series P by God, is evident from the discussion 
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Saint Thomas Aquinas (c. A.D. 1224-1274) 
In St. Thomas Aquinas, Siger of Brabant, St. 
Bonaventure On the Eternity of the World (De 
Aeternitate Mundi). Translated from the Latin 

with an introduction by Cyril Vollert, SJ, 
STD, Lottie H. Kendzierski, Paul M. Byrne. 
Milwaukee, WI: Marquette University Press, 
1964, pp. 19-25. Reprinted with permission of 

Marquette University Press 


AN ETERNAL WORLD IS LOGICALLY POSSIBLE 


Contrary to Bonaventure’s position, Thomas argues that there is no logi- 
cal contradiction in assuming that God not only created the world, but 
also made it eternal. This was a rather popular interpretation among 
scholastic theologians during the late Middle Ages and the Renaissance. 


a if we suppose, in accord with Catholic faith, that the world has not 
existed from eternity but had a beginning of its duration, the question 


Primary Sources 261 


eş whether it could have existed forever. In seeking the true solu- 
gion of this problem, we should start by distinguishing points of agree- 
ment with our opponents from points of disagreement. 

if the question is phrased in such a way as to inquire whether some- 
thing besides God could have existed forever, that is, whether a thing 
gould exist even though it was not made by God, we are confronted 
with an abominable error against faith. More than that, the error is re- 

udiated by philosophers, who avow and demonstrate that nothing 
atall can exist unless it was caused by Him who supremely and ina 
uniquely true sense has existence. 

However, if we inquire whether something has always existed, un- 
derstanding that it was caused by God with regard to all the reality found 
in it, we have to examine whether such a position can be maintained. If 
we should decide that this is impossible, the reason will be either that 
God could not make a thing that has always existed, or that the thing 
could not thus be made, even though God were able to make it. As to the 
first alternative, all parties are agreed that God could make something 
that has always existed, because of the fact that His power is infinite. 

2. Accordingly our task is to examine whether something that is 
made could have existed forever. If we reply that this is impossible, 
our answer is unintelligible except in two senses or because there are 
two reasons for its truth: either because of the absence of passive po- 
tentiality, or because of incompatibility in the concepts involved. 

The first sense may be explained as follows. Before an angel has 
been made, an angel cannot be made, because no passive potentiality 
is at hand prior to the angel's existence, since the angel is not made 
of pre-existing matter. Yet God could have made the angel, and could 
also have caused the angel to be made, because in fact He has made 
angels and they have been made. Understanding the question in this 
way, we must simply concede, in accordance with faith, that a thing 
caused by God cannot have existed forever, because such a position 
would imply that a passive potentiality has always existed, which is 
heretical. However, this does not require the conclusion that God can- 
not bring it about that some being should exist forever. 

Taken in the second sense, the argument runs that a thing cannot 
be so made because the concepts are incompatible, in the same way 
as affirmation and denial cannot be simultaneously true; yet certain 
people assert that even this is within God's power. Others contend 
that not even God could make such a thing, because it is nothing. 
However, it is clear that He cannot bring this about, because the power 
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by which it is supposed to be effected would be self-destructive. Ney- 
ertheless, if it is alleged that God is able to do such things, the posi- 
tion is not heretical, although I think it is false, just as the proposition 
that a past event did not take place involves a contradiction. Hence 
Augustine, in his book against Faustus, writes as follows: “Whoever 
says, ‘If God is omnipotent, let Him bring it about that what has been 
made was not made,’ does not perceive that what he really says is this: 
‘If God is omnipotent, let Him bring it about that what is true is false 
for the very reason that it is true.’” Still, some great masters have pi- 
ously asserted that God can cause a past event not to have taken place 
in the past; and this was not esteemed heretical. 

3. We must investigate, therefore, whether these two concepts are 
logically incompatible, namely, that a thing has been created by God 
and yet has existed forever. Whatever may be the truth of the matter, 
no heresy is involved in the contention that God is able to bring it 
about that something created by Him should always have existed. 
Nevertheless I believe that, if the concepts were to be found incom- 
patible, this position would be false. However, if there is no contra- 
diction in the concepts, not only is it not false, but it is even possible; 
to maintain anything else would be erroneous. Since God’s omnipo- 
tence surpasses all understanding and power, anyone who asserts that 
something which is intelligible among creatures cannot be made by 
God, openly disparages God’s omnipotence. Nor can anyone appeal 
to the case of sin; sins, as such, are nothing. 

The whole question comes to this, whether the ideas, to be created 
by God according to a thing’s entire substance, and yet to lack a be- 
ginning of duration, are mutually repugnant or not. That no contra- 
diction is involved, is shown as follows. A contradiction could arise 
only because of one of the two ideas or because of both of them tà- 
gether; and in the latter alternative, either because an efficient cause 
must precede its effect in duration, or because non-existence must pre- 
cede existence in duration; in fact, this is the reason for saying that 
what is created by God is made from nothing. 

4. Consequently, we must first show that the efficient cause, namely 
God, need not precede His effect in duration, if that is what He Him- 
self should wish. 

In the first place, no cause producing its effect instantaneously need 
precede its effect in duration. Now God is a cause producing His ef 
fect, not by way of motion, but instantaneously. Therefore He need 
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not precede His effect in duration. The major premise is clear from in- 
duction, based on all instantaneous changes, such as illumination, and 
the like. It can also be demonstrated by reasoning. In any instant in 
which a thing is asserted to exist, the beginning of its action can like- 
wise be asserted, as is evident in all things capable of generation; the 
very instant in which fire begins to exist, it emits heat. But in instan- 
taneous action, the beginning and the end of the action are simulta- 
neous, or rather are identical, as in all indivisible things. Therefore, at 
any moment in which there is an agent producing its effect instanta- 
neously, the terminus of its action can be realized. But the terminus of 
the action is simultaneous with the effect produced. Consequently no 
intellectual absurdity is implied if we suppose that a cause which pro- 
duces its effect instantaneously does not precede its effect in duration. 
There would be such an absurdity in the case of causes that produce 
their effects by way of motion, because the beginning of motion must 
precede its end. Since people are accustomed to think of productions 
that are brought about by way of motion, they do not readily under- 
stand that an efficient cause does not have to precede its effect in du- 
zation. And that is why many, with their limited experience, attend to 
only a few aspects, and so are overhasty in airing their views. 

This reasoning is not set aside by the observation that God is a cause 
acting through His will, because the will, too, does not have to pre- 
cede its effect in duration. The same is true of the person who acts 
through his will, unless he acts after deliberation. Heaven forbid that 
we should attribute such a procedure to God! 

5. Moreover, the cause which produces the entire substance of a 
thing is no less able to produce that entire substance than a cause pro- 
ducing a form is in the production of the form; in fact, it is much more 
powerful, because it does not produce its effect by educing it from the 
potentiality of matter, as is the case with the agent that produces a 
form. But some agent that produces only a form can bring it about 
that the form produced by it exists at the moment the agent itself ex- 
ists, as is exemplified by the shining sun. With far greater reason, God, 
who produces the entire substance of a thing, can cause His own ef- 
fect to exist whenever He Himself exists. 

Besides, if at any instant there is a cause with which the effect pro- 
ceeding from it cannot co-exist at that same instant, the only reason is 
that some element required for complete causality is missing; for a 
complete cause and the effect caused exist together. But nothing com- 
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plete has te been wanting in God. Therefore an effect caused by Him, 
can exist always, as long as He exis i 
aun y: g sts, and so He need not precede it 

Furthermore, the will of a person who exercises his will Suffers 
loss in power. But all those who undertake to answer the erica 
by which Aristotle proves that things have always had existence fa 
God for the reason that the same cause always produces the same a 
fect, say that this consequence would follow if He were not an a R 
acting by His will. Therefore, although God is acknowledged to EA 
agent acting by His will, it nevertheless follows that He can bri it 
about that what is caused by Him should never have been without 
istence. Š 

And so it is clear that no logical contradiction is involved in the as- 
sertion that an agent does not precede its effect in duration. As Tegards 
anything that does imply logical contradiction, however, God cannot 
bring it into being. . . . 

8. Thus it is evident that the statement that something was made 
by God and nevertheless was never without existence, does not in- 
volve any logical contradiction. If there were some contradiction, it 
is surprising that Augustine did not perceive it, as this would have 
been a most effective way of disproving the eternity of the world; 
and indeed he brings forward many arguments against the etemity 
of the world in the eleventh and twelfth books of De civitate Dei [The 
City of God]; yet he completely ignores this line of argumentation. In 
fact, he seems to suggest that no logical contradiction is discernible 
here... 

9. Another surprising thing is that the best philosophers of nature 
failed to discern this contradiction... . 

12. They also bring in arguments which philosophers have touched 
on, and then undertake to solve them. One among them is fairly dif- 
ficult; it concerns the infinite number of souls: if the world has existed 
forever, the number of souls must now be infinite. But this argument 
is not to the purpose, because God could have made the world with- 
out men and souls; or He could have made men at the time He did 
make them, even though He had made all the rest of the world from 
eternity. Thus the souls surviving their bodies would not be infinite. 
Besides, no demonstration has as yet been forthcoming that God can- 
not produce a multitude that is actually infinite. 

i There are other arguments which I forbear to answer at the present 
time. A reply has been made to them in other works. Besides, some of 
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them are so feeble that their very frailty seems to lend probability to 
the opposite side. 


— 5 — 


Albert of Saxony (c. A.D. 1316-1390) 
Questions on [Aristotle's] On the Heavens. 
Translated by Edward Grant from Questiones 
et decisiones physicales insignium virorum: 
Alberti de Saxonia in octo libros Physicorum; 
tres libros De celo et mundo; duos libros De 
generatione et corruptione; . . . Recognitae 
rursus et emendatae summa accuratione 
et iudicio Magistri Georgii Lokert Scotia 
quo sunt tractatus proportionum additi. 
Paris, 1518, bk. 1, question 9, fols. 93r, 
col. 2-94r, col. 1 


IS THE WORLD A FINITE OR INFINITE MAGNITUDE? 


In questions 6 to 9 of the first book of his Questions on Aristotle’s On the 
Heavens, Albert considers whether the world is finite or infinite. He treats 
a different aspect of the basic question in each of the particular numbered 
questions. In the ninth question, he inquires whether the world is a finite 
or infinite magnitude. Substantial segments of the question concern God's 
supernatural actions whereby he creates or annihilates matter beyond our 
world and also places a large body in a small space, in a manner analo- 
gous to the way the body of Christ exists in the host. Because this is a typ- 
ical medieval question in natural philosophy, | have used square brackets 
to illustrate the usual six parts into which a typical question was subdivided 
(for the six parts, see chapter 6). Any other bracketed text is my addition. 


[1] In discussing the finitude or infinitude of the world, we inquire in 
this fourth [conclusion or question] whether the world is a finite or 


infinite magnitude. 
[2] It seems that it is an infinite magnitude because it occupies the 
whole [and] such a [thing] is infinite. 
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Secondly, unless the world is an infinite magni 
He a infinite space would exist beyond PERENS Be 
ere would be an actual infinite, the opposite if 4 Folie 
clared Previously. And this is confirmed, because if RES a 
pute magnitude, someone at the extremity of the World cee we 
is hand [beyond], since nothing would be there to moa Atend 
sequently, a space would seem to be there; but it koa Pen it a 
because there seems no [good] reason why this s X pone te 
T ay to a certain point [or magnitude] pace Sho 
irdly, unless a place or space existed ou j i 
a the last heaven could not be eee sitet vag 
x eee consequent is obvious since it [ie., the last nena 
aay f not with a species of motion other than local io 
refore, the consequence is proved, because then th inst ed 
could not be in a place and consequently could not aay li meee 
ES motion, or local motion, is a change of place, what wee sada 
lows, namely that the last heaven is not moved locally. ee 


[B] Aristotle wishes to sa ite i 
stot iy the opposite in the t i 
one principal conclusion that the world is a fate sae F 


[4] Here there will be two articl i 

I les: the first will be on the princi 

i r [But} at [it has been shown that] the erate i finale 
de, the seconi article will inquire} whether there i: ine 

outside it, say an infinite space or some other thing which kes dente 

been touched upon in the argument. mae 


Oy eee the first [article], let this be the first conclusion: that 
a finite magnitude. Let it be proved: a i 
1 : accordi 
wee aa before, nae world is a magnitude. Therefore, it isn ee 
ite magnitude. If a finite magnitude, what h; a 
EPEA ea P x an peen os 
eee T -= a n sone magnitude, it follows that something would 
t inite, the opposite of whi i 
epee pposite of which was shown in the preced- 
> E ae serra roel it seems that there is a space beyond the 
, since outside the world God could create a st 
h tone. But 
stone] could not be in something indivisible; indeed, it TS p 
to Soy some divisible space. j cF 
sie Sue onan such a stone outside the world, he is 
nearly and to make it further from the l; e 
than before; but he cannot do such things except a T e 
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Thirdly, God could create two stones outside the world, one outside 
æ other. Therefore it seems that there is an “outside” beyond the 
world. But “outside” is [or signifies] a difference of place or space; 
therefore jt seems that there is a space outside the world. This is con- 
ed, because if such stones were not mutually immediate [or con- 
tiguous?], as God [indeed] could create them, then one would seem 
separated from the other, and consequently outside the heaven there 
would appear to exist a distance by [means of] which such stones 
could be created separate [or distant] from each other. 

Fourthly, having assumed that God could create two other worlds 
and that these three worlds would touch, just as spheres are imagined 
to touch, it would seem that between these three worlds and the 

ints at which they touch there would be an intervening space and 
an intervening distance; for otherwise, their surfaces would touch, 
and not their points. 

With respect to this [first] article, let this be the first conclusion: there 
is no body beyond the world, which is proved as follows. Every body 
or world is part of the world; indeed, not only every body, but every 
being {is part of the world], since the world is the totality of beings. 
But neither the world, nor any part of the world, lies outside the 
world, therefore, etc. Secondly, if a body did exist outside the world, 
jt would be there naturally [or violently]. It cannot be said to be there 
naturally, because every body, whether simple or mixed, has its natu- 
ral place elsewhere than outside the world. And since the species of 
one body does not have several natural places, it follows that such a 
body could not be there naturally. Nor could it be said to be there vi- 
olently, for then this place would be natural to some other body, which 
is impossible, since it is natural neither to a simple or a mixed body. 

A second conclusion [is this]: no body can be outside the world nat- 
usally. This is proved because no simple or mixed body can be there 
naturally, because such a body cannot be there naturally, as was al- 
ready proved, [but also] because, similarly, there cannot be any natu- 
tal place outside the world. This is proved, for if such a place were 
natural to some body, it would be a violent place for another [body], 
which is false, as is obvious from things that have already been 

wed that outside the world there is not, nor 


proved. And so it is pro n 
can there be, a vacuum; for a vacuum is said to be that which is with- 


out a body, but where there can be a body. Now although there is no 
body outside the [last] heaven, [it is also] not [possible] for a body to 
be there, and consequently no vacuum is there and cannot [possibly] 
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be there. Thus, since the term ‘vacuum’ is privative, it does not 
signify the lack of a body somewhere, but also connotes the a om 
of a body to be there, pega 

A third conclusion [is this]: no motion is able to exist naturally 
side the world. This is proved [as follows]: where neither a bod: m 
a place can exist naturally, motion cannot exist. The major tee 
is known from this, namely that every motion requires a body; Fe 
minor [premise] is obvious from what has been said. f 

A fourth conclusion [is this]: outside the world time cannot exist. 
This is proved [as follows]: where motion cannot exist, there time can- 
not exist. But, by the preceding conclusion, motion cannot exist out- 
side the world; therefore neither can time. The major [premise] is 
obvious from this, [namely] that time is the same as motion (Le, itis 
the measure of motion], as is said in the fourth [book] of the Physics, 

A fifth conclusion [is this]: God and the intelligences are neither out- 
side the world, nor inside the world circumscriptively [that is, they do 
not occupy three-dimensional places or spaces}. This is obvious be- 
cause such [beings] lack position [or location] and magnitude but are 
outside the world privatively, that is, they do not have a position in 
the world, which agrees with [the idea] that God and the intelligences 
are part of the world although they do not have a position [or loca- 
tion] in the world. 

From all these things fi.e., from the preceding conclusions], we con- 
clude what Aristotle concluded in the first book of this [treatise], 
[namely] that outside the world there is neither body, nor place, nor 
vacuum, nor motion, nor time. But that outside the world there are 
alterable beings leading the best lives, taking ‘outside’ in the privative 
sense understood in the preceding conclusion. 

Furthermore, in order to save [the idea] that, beyond the world, God 
could create supernaturally one or two stones, or another world, or 
several worlds, it is not necessary to assume that there is actually a 
space, or vacuum, or distance, or any such thing beyond the world. 
This is proved [as follows]: for if there were such things beyond the 
world, God could annihilate them; but with them annihilated, He 
could [still] create beyond the world things that He wished, just as 
now. Therefore [etc.]. Next, I concede that God is able to move sucha 
stone created beyond the world, not with a local motion but with a 
motion having the same structure [or nature] as a local motion, with- 
out, [however,] being nearer or farther from the sides [or surfaces] of 
the [last] heaven, 
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According to this conception, we can imagine further that just as 
God could annihilate all things within the sides [or surfaces] of the 
heaven without those sides touching [or coming together], so also 
could He place a very large body, one that is as great as the world, in 
avery small place, as in a millet seed; [and He could do this] without 
any condensation or rarefaction, or penetration of the bodies. Just in 
this way must the body of Christ be imagined [to be] in the small host; 
for in this small host, the body of Christ is just as great as it is with- 
out any condensation and penetration whatever, just as he was sus- 

ded on the cross for our sins. 

{Furthermore,] according to the same conception, we can imagine 
that in such a millet seed, a space of 100 leagues, or 1,000, or however 
many [leagues] we wish, could be created. And we could then imag- 
ine that a man [placed] in a millet seed could walk through a thou- 
sand leagues from one extreme [of that millet seed] to the other; and 
many other similar things must be conceded according to this [con- 
ception]. 

[6] To the [principal] arguments, [I respond as follows]. 

To the first, [I reply that] “the world can occupy the whole” can be 
[understood as signifying] that the world does not occupy a space 
other than itself; and thus, just as it does not occupy itself, so it does 
not occupy another space. Or, to put it another way, it could be replied 
as was said before when it was said that an infinite is that which oc- 
cupies the whole; it is true that the whole occupies a true and imagi- 
nable space. But I deny this about the world. 

To the second [principal argument, where it says that] unless the 
world were an infinite magnitude, there would be an infinite space 
beyond the world, I deny the consequence, since it would not be be- 
cause of this that a finite or infinite space would lie outside the world. 
Moreover, from the substance of the argument, I say that outside the 
world, God could create a finite space to any extent that it pleased 
Him, without making it an infinite space. As confirmation [of the sec- 
ond principal argument, it is said that] if the world were a finite mag- 
nitude, then someone existing at the last surface of the heaven could 
extend his hand. | deny [this]. And when it was said that there would 
be no impediment resisting [the hand] beyond the world, this pleases 
me, but I say further that notwithstanding this, [the hand could not 
be extended beyond the world] because of the lack of a receptacle, as 
of a place or space, in which the hand could be received when it is ex- 
tended. 
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To the third [principal 
l ipal argument, namely that] if t 
Sa outside the heaven, the last sphere n s oe 
ca if 7 concede this. Nevertheless, it is compatible with | rived toe 
eeu e moved with a motion of the same Species as ] tis thet By 
Be enough has been said about this in the books of the Pie oe 
aN Jext, there were other arguments made in connection: Bey F 
f ord of the question in which it was also Proved th — 
cou fea beyond the world. These remain to be solved. a D 
33 F e first [of these arguments, namely that] beyond the ke 
a haear a stone, [let me say that] this pleases me. Burros N 
ther that such a stone would not be in any divisible or in ican 
nee ecause it would not be in any place, just as the whol i vol 
Ks pany, place. However, I concede that when the stone phe a 
is oh $ a poaa space is also created beyond the world fone 
. But this sj i à 
ee pace would be nothing other than the created, 
To the second [of these ar, 
‘guments, namely that] God i: 
n P created beyond the world by extending its ey ae 
re cen ee sphere]. I say that this is true. But this could neta 
e also created a space in which it could b E 
s 4 e Mor 
rn wae a fixed position [with respect] to mone bat 
or with respect to the heaven or parts 
: of the he 
a Ae mous release this stone from a fixed pasion vith: pert 
heaven, it would not be near or fe 
a cicieesa in the body of the aac gar 
pat a a Pereme namely that] God could create two 
n x with one outside the other, I i 
: $ f, I concede thi 
ene is ae [term] ‘beyond’ for ‘outside’] negatively [with aa 
cee at one would be in the other, just as one intelligence is 
Hees other [intelligence]. But I say further that one of these stones 
ee oe e the other positively unless a space or distance 
v ted with them by means of which one of 
side the other. And I say f ide’ tak Ea aati 
e y further that ‘outside’ tak i is 
a difference of place or space; but ‘outsi Fae Gone 
f x pace; but ‘outside’ iti 
mady is [a difference of place or aa one geen 
o the fourth [of these a : 
x . (e rguments], one could repl; 
basis [as in the preceding reply to the third aeie gare 
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Nicole Oresme (c. A.D. 1320-1382) 

Le Livre du ciel et du monde. Edited by Albert 
D. Menut and Alexander J. Denomy. Translated 
with an introduction by Albert D. Menut. 
Madison: University of Wisconsin Press, 1968, 
pp- 167-179. Reprinted by permission of The 
University of Wisconsin Press. (For those who 
wish to examine a reprint of this selection, 
with the addition of twenty-six footnotes, see 
Grant 1974, pp. 547-554.) 


ARGUMENTS TO DEMONSTRATE THAT, CONTRARY TO ARISTOTLE, THE 
EXISTENCE OF OTHER WORLDS IS POSSIBLE 


At the command of the French king Charles V, in 1377, Nicole Oresme 
translated Aristotle’s cosmological treatise, On the Heavens, from Latin 
into French and added a detailed, section-by-section commentary on Aris- 
totle’s text. It is Oresme’s last known treatise and is regarded as one of his 
most brilliant works. In it, Oresme disagrees with Aristotle on numerous 
issues, including the possibility of other worlds, the theme of the follow- 
ing selection. In his lengthy discussion, Oresme proposes numerous inter- 
esting and unusual ways to illustrate the feasibility of the existence of 
other worlds, even though he was convinced that God had not, and would 


not, create other worlds. 


Now we have finished the chapters in which Aristotle undertook to 
prove that a plurality of worlds is impossible, and it is good to con- 
sider the truth of this matter without considering the authority of any 
human but only that of pure reason. I say that, for the present, it seems 
to me that one can imagine the existence of several worlds in three 
ways. One way is that one world would follow another in succession 
of time, as certain ancient thinkers held that this world had a begin- 
ning because previous to this all was a confused mass without order, 
form, or shape. Thereafter, by love or concord, this mass was disen- 
tangled, formed, and ordered, and thus was the world created. And 
finally after a long time this world will be destroyed by discord and 
will return to the same confused mass, and again, through concord, 


272 Science and Religion, 400 e.c. to a.D. 1550 


another world will then be made. Such a 
orld x 3 process will t: 
future an infinite number of times, and it has been ae 


Place in the 
But this opinion is not touched upon here and was ieee i 


totle in several places in his philosophical works. It anot aa 
t happen: 


this way naturally, although God could do it and could hay 
in the past by His own omnipotence, or He could annihilate eee 
and create another thereafter. And, according to St. Jero) a yea 
used to say that God will do this innumerable times. me oe 
Another speculation can be offered which I should like to i 
asa mental exercise. This is the assumption that at one and a pel 
time one world is inside another so that inside and beneath teas 
cumference of this world there was another world similar but an 
Although this is not in fact the case, nor is it at all likely, neverth if a 
it seems to me that it would not be possible to establish the ee 
by logical argument; for the strongest arguments against it wea i 
seems to me, be the following or similar ones. First, if there Se a 
other world inside our world, it would follow that our earth awh 
it is by constraint, because inside this earth and beneath its ci a 
ference toward its center would be another heaven and est a 
ments, etc. Also, the earth of the second world would be absolutely 
massive and at the center of both worlds; and the earth of our we a 
would be empty and concave and neither the whole earth nor any a 
of it would be at the center. Thus, since their natural places he 
ferent, it follows from what is said in Chapter Seventeen that these 
two worlds are of different form so that the world beneath us and this 
our world would be dissimilar, etc. Also, all natural bodies are lim- 
ited in bigness and smallness, for the size of a man could diminish a 
grow so much that he would no longer be a man, and the same ‘with 
all bodies. So, the world we have imagined inside our own world and 
beneath its circumference would be so smail that it would not be a 
world at all, for our sun would be more than 2,000 times the size of 
the other and each of our stars would be larger than this imaginary 
world. To pursue our thought, one could dig in the ground dee 
enough to reach the earth of the other world beneath ours. This is = 
untenable absurdity. Also, we should have to posit two Gods, one for 
each world, etc. Likewise, we might assume another world like our 
own to exist in the moon or some other star, etc. Or we could imag- 
ine another world above and another beneath the one which is Sae 
our world, etc. To show that these and similar speculations do not pre- 
clude the possibility of such a thing, I will posit, first of all, that ea 
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body is divisible into parts themselves endlessly divisible, as appears 
in Chapter One; and I point out that large and small are relative, and 
not absolute, terms used in comparisons. For each body, however 
smali, is large with respect to the thousandth part of itself, and any 
body whatsoever, however large, would be small with respect to a 
r body. Nor does the larger body have more parts than the 
smaller, for the parts of each are infinite in number. Also from this it 
follows that, were the world to be made between now and tomorrow 
400 or 1,000 times larger or smaller than it is at present, all its parts 
being enlarged or diminished proportionally, everything would ap- 
‘tomorrow exactly as now, just as though nothing had been 
changed. And, if a stone in a quarry had a small opening in it or a 
concavity full of air, it is not necessary to say that this stone is outside 
its natural place. Likewise, if there were a concavity the size of an 
apple full of air at the earth’s center, it would not follow that the earth 
was out of its natural place nor that it was there by violence. Also, if 
such concavity were to become a bit larger and then still larger until 
it became very large, we could not place a limit upon this growth at 
which point one could say the earth would be out of its natural place, 
precisely because large and small are relative terms, as we have al- 
ready said. Therefore, for the earth to be in its natural place, it is 
enough that the center of its weight should be the center of the world, 
regardless of the concavity inside the earth, provided that it be held 
firmly together. And this is the answer to the first argument; for, if a 
world were enclosed within a concavity inside our earth, nevertheless 
our earth would be in its natural place since the center of the world 
would be the middle or center of its weight. A propos, I say further 
that, according to Scripture, water is above the heavens or the firma- 
ment; whence the psalm says [Ps. 103:2-3}: Who stretchest out the 
heavens, etc., Who coverest these heavens with water. And, elsewhere: 
Bless the Lord, ye waters that are above the heavens [see Dan. 3:60]. 
‘And if this water were not heavy in substance if not in fact, then it 
would not be water. For this reason it is said to be solid and as though 
frozen or solidified and is called the glacial or the crystalline heavens. 
Accordingly, this heaven or this water is in its natural place, in spite 
of the fact that all the other heavenly spheres and elements are en- 
closed within the concavity of this sphere, for it is solid and the cen- 
ter of its weight is the center of the world. To the second argument I 
reply that, even if this earth were hollow and concave, nevertheless it 
would be in the center of the world or worlds, just as though this were 
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its proper place, taking place in the sense of the second 


distinction made in reply to an argument in Chapter Seven ae 
Tom 


this it appears that our earth and the earth of ii 
it would be in the same place. To the bia peed aaa oe 
that all natural bodies are limited in quantity, i say that nie a 
they are limited to one quantity or size and that in another w, ae 
would be fixed at other limits, for Jarge and small, as we sett as 
are relative terms which do not mean variation or difference in fe tay 
Accordingly, we see men—all of the same form—larger in ae na 
and smaller in another. To the fourth argument, where it wa: eee 
that one could dig deep enough into the earth, etc., I answer hare 
ture would not permit this, any more than one could natural BS 
proach the sky close enough to touch it. To the fifth a a a 
regarding the possibility of two Gods, it does not follow; Tike He 
ereign God would govern all such worlds, but it is possible aca 
ditional intelligences would move the heavenly bodies of one soi 
and other intelligences the heavens of the other world. To the sixth 
gument, where it was said that by analogy one could say there is ke 
other world inside the moon, and to the seventh, where it was coe 
that there are several worlds within our own and several outside 
beyond which contain it, etc., I say that the contrary cannot be ae 
by reason nor by evidence from experience, but also I submit that 
there is no proof from reason or experience or otherwise that such 
worlds do exist. Therefore, we should not guess nor make a statement 
that something is thus and so for no reason or cause whatsoever 
against all appearances; nor shouid we support an opinion whose con- 
trary is probable; however, it is good to have considered whether such 
opinion is impossible. 

The third manner of speculating about the possibility of several 
worlds is that one world could be entirely outside the other in an 
imagined space, as Anaxagoras held. This solitary type of other world 
is refuted here by Aristotle as impossible. But it seems to me that his 
arguments are not clearly conclusive, for his first and principal argu- 
ment states that, if several worlds existed, it would follow that the 
earth in the other world would tend to be moved to the center of our 
world and conversely, etc., as he has loosely explained in Chapters 
Sixteen and Seventeen. To show that this consequence is not neces- 
sary, I say in the first place that, although up and down are said with 
several meanings, as will be stated in Book II, with respect to the pres- 
ent subject, however, they are used with regard to us, as when we say 
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that one-half or part of the heavens is up above us and the other half 
jsdown beneath us. But up and down are used otherwise with respect 
to heavy and light objects, as when we say the heavy bodies tend 
downward and the light tend upward. Therefore, I say that up and 
down in this second usage indicate nothing more than the natural law 
concerning heavy and light bodies, which is that all the heavy bodies 
so far as possible are located in the middle of the light bodies with- 
out setting up for them any other motionless or natural place. This 
can be understood from a later statement and from an explanation in 
the fourth chapter, where it was shown how a portion of air could rise 
upnaturally from the center of the earth to the heavens and could de- 
scend naturally from the heavens to the center of the earth. Therefore, 
Isay that a heavy body to which no light body is attached would not 
move of itself; for in such a place as that in which this heavy body is 
resting, there would be neither up nor down because, in this case, the 
natural law stated above would not operate and, consequently, there 
would not be any up or down in that place. This can be clarified by 
what Aristotle says in Book Four of the Physics, namely, that in a void 
there is no difference of place with respect to up or down. Therefore, 
Aristotle says that a body in a vacuum would not move of itself. In 
the eleventh chapter of this first book it appears, according to Aristo- 
tle, that, since nothing is lower than the center of the earth, nothing is 
or can be higher than the circumference or the concavity of the lunar 
sphere, the place proper to fire, as we have often said. Thus, taking 
up in the second sense above, beyond or outside of this circumference 
or heaven there is no up nor down. From this it follows clearly that, 
if God in His infinite power created a portion of earth and set it in the 
heavens where the stars are or beyond the heavens, this earth would 
have no tendency whatsoever to be moved toward the center of our 
world. So it appears that the consequence stated above by Aristotle is 
not necessary. I say, rather, that, if God created another world like our 
own, the earth and the other elements of this other world would be 
present there just as they are in our own world. But Aristotle confirms 
his conclusion by another argument in Chapter Seventeen and it is 
briefly this: all parts of the earth tend toward a single natural place, 
one in number; therefore, the earth of the other world would tend to- 
ward the center of this world. I answer that this argument has little 
appearance of truth, considering what is now said and what was said 
in Chapter Seventeen. For the truth is that in this world a part of the 
earth does not tend toward one center and another part toward an- 
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other center, but ail heavy bodies in this world tend to be 
one mass such that the center of the weight of this mass is 
ter of this world, and all the parts constitute one body, 

speaking, Therefore, they have one single place. And if s 


united in 
at the cen. 
numerically 


the earth in the other world were in this world, it would tend ee h. 


the center of this world and become united wi 
versely. But it does not have to follow that the EAR dak ar 
the heavy bodies of the other world, if it existed, would tend ria 
center of this world because in their world they would form a = a 
mass possessed of a single place and would be arranged in oa 
down order, as we have indicated, just like the mass of hea et a 
in this world. And these two bodies or masses would be PA ‘ind 
their natural places would be formally identical, and likewise th z 
worlds. In Chapter Twenty Aristotle mentions another seiner Ee 
what was said in the Metaphysics—namely, that there cannot bı es 
than one God and, therefore, it seems there can be only one eee 
reply that if God is infinite in his immensity, and, if several worlds e 
isted, no one of them would be outside Him nor outside His e 
but surely other intelligences would exist in one world and chee 
the other world, as already stated. And my reply to this aise i 
given more fully in Chapter Twenty. He argues again in Chaj ES 
Twenty-two and Twenty-three of which the purport is briefly this this 
world is composed of all the matter available for the constitution of 
world, and outside this world there can be no body or matter eee 
soever. So it is impossible that another world exists. In reply, I say in 
the first place, that, assuming that all the matter now existing or fae 
has ever existed is comprised in our world, nevertheless, in truth, God 
could create ex nihilo new matter and make another world But Aris- 
totle would not admit this. Thus, I say, secondly, that, assuming that 
nothing could be made save from matter already existing and con- 
sidering the teplies we have given to Aristotle’s first arguments re- 
garding this problem—arguments whose substance he repeats and 
employs here in the present case—nonetheless he does not prove that 
another or more than one world besides our own could Uen exist 
or may not always have existed, just as he states this world of ours to 
exist without beginning or end. He argues again in Chapter Twenty- 
four that outside this world there is no place or plenum, no void, and 
no time; but he proves this statement by saying that outside this world 
there can be no body, as he has shown by the reasoning above to which 
1 have replied; so it is unnecessary to answer this argument again. But 
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my position could be strengthened or restated otherwise; for, if two 
worlds existed, one outside the other, there would have to be a vac- 
uum between them for they would be spherical in shape; and it is im- 
ssible that anything be void, as Aristotle proves in the fourth book 
of the Physics, It seems to me and 1 reply that, in the first place, the 
human mind consents naturally, as it were, to the idea that beyond 
the heavens and outside the world, which is not infinite, there exists 
some space whatever it may be, and we cannot easily conceive the 
contrary. It seems that this is a reasonable opinion, first of all, because, 
if the farthest heaven on the outer limits of our world were other than 
spherical in shape and possessed some high elevation on its outer sur- 
face similar to an angle or a hump and if it were moved circularly, as 
it is, this hump would have to pass through space which would be 
empty—a void—when the hump moved out of it. Now, if we assumed 
that the outermost heaven was not thus shaped or that nature could 
not make it thus, nevertheless, it is certainly possible to imagine this 
and certain that God could bring it about. From the assumption that 
the sphere of the elements or of all bodies subject to change contained 
within the arch of the heavens or within the sphere of the moon were 
destroyed while the heavens remained as they are, it would neces- 
sarily follow that in this concavity there would be a great expanse and 
empty space. Such a situation can surely be imagined and is definitely 
possible although it could not arise from purely natural causes, as 
Aristotle shows in his arguments in the fourth book of the Physics, 
which do not settle the matter conclusively, as we can easily see by 
what is said here. Thus, outside the heavens, then, is an empty incor- 
poreal space quite different from any other plenum or corporeal space, 
just as the extent of this time called eternity is of a different sort than 
temporal duration, even if the latter were perpetual, as has been stated 
earlier in this chapter. Now this space of which we are talking is infi- 
nite and indivisible, and is the immensity of God and God Himself, 
just as the duration of God called eternity is infinite, indivisible, and 
God Himself, as already stated above. Also, we have already declared 
in this chapter that, since our thinking cannot exist without the con- 
cept of transmutation, we cannot properly comprehend what eternity 
implies; but, nevertheless, natural reason teaches us that it does exist. 
In this way the Scriptural passage, Job 26:[7], which speaks about God 
can be understood: Who stretchest out the north over the empty place. 
Likewise, since apperception of our understanding depends upon our 
corporeal senses, we cannot comprehend nor conceive this incorpo- 


278 Science and Religion, 400 s.c. to a.D. 1550 


teal space which exists beyond the heavens. Reason and truth, how- 
ever, inform us that it exists. Therefore, I conclude that God can and 
could in His omnipotence make another world besides this one or gay. 
eral like or unlike it. Nor will Aristotle or anyone else be able to Prove 
completely the contrary. But, of course, there has never beén nor will 
there be more than one corporeal world, as was stated above, 
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Arabic science, 216, 244 
Catholic faith, 184 
Cato the Elder, 90 
Cause(s): four kinds, 45; that pro- 
duces instantaneous effect, 263 
Celestial region, 41-43 
Celsus, Aulus Cornelius, 65, 91, 137 
Change(s), four kinds, 45 
Charlemagne, Holy Roman Em- 
peror, 148, 149, 226 
Charles the Bald, king of France, 
148 
Charles V, king of France, 24, 271 
Christ, in the host, 106, 114, 204, 
216, 217, 269 
Christianity: and beginning of uni- 
verse, 125; emerged in Roman 
Empire, 231; and Islam, con- 
trasted, 247; made state religion, 
226; and mystery religions, 101- 
102; and philosophy, 105; relations 
of church and state, 146-147; 
spread by missionary activity, 
230 
Christians: attitude toward the state, 
246; Augustine's advice to, about 
logic, 104, 113-114 
Church, made significant contribu- 
tion to science, 223 
Church fathers, 162 
Church and state, separation of, 32, 
102-103, 147-148, 246-248 


Cicero, 111, 251 
Clagett, Marshall, 75, 84 
Clarke, Samuel, 200 
Cleanthes the Stoic, 15 A 
Clement of Alexandria: had high 
opinion of philosophy, 106-108, 
250; work: Miscellanies, 107 
Clement VI, pope, 207 
Columbus, Christopher, 5, 12-13 
Commentaries, on Sentences, 93-95, 
174-175, 206-207 
Commerce, 12 
Concordat of Worms, 147 
Condemnation of 1270, 177, 178 
Condemnation of 1277, its impact 
on natural philosophy, 32, 179, 
181-184, 191, 192, 193, 195-199, 
200-201, 203, 205, 216, 222 
Constantine the Great, 226 
Constantinople, 228 
Contradiction: Aquinas on, 262; in- 
volving cause and effect, 211, 264 
Copernicus, Nicholas: heliocentric 
system of, 224; why name ap- 
pears in title, 1, 139-140; work: 
On the Revolutions of the Heavenly 
Spheres, 82 
Copleston, Frederick, 99, 100 
Coronel, Luis, 193-194 
Corporation, 170-172 
Cosmology, 22 
Cosmos: Aristotle's conception of, 
41-43; Isidore of Seville on, 143; 
rejection of Aristotle's division of, 
126 
Council of Sens, 159 
Creation: Basil's queries about, 120- 
122; and clash with Aristotle's 
ideas, 120; from nothing, 115-116, 
124, 126-127, 131-132, 160, 189, 
221, 222 
Creator, 119-120 
Crescas, Hasdai, 168-169 


Crito, 64 
Ctesibius, 82 
Cunningham, Andrew, 203 


Damian, Saint Peter, 158 

Dan. 3:60, 273 

Darwin, Charles, 38-39 

David, 108, 128, 130 

Definitions, 70 

Demiurge, Plato's conception of, 16- 
17 

Democritus of Abdera, and infinity 
of worlds, 59-60, 74, 129 

Descartes, René, 10 

Dialectic, 139 

Diaz, Bartholomew, 12 

Diocletian, 226 

Diogenes Laertius, 15 

Diophantus of Alexandria, 84 

Dissection, of human body, 63-66, 
85 

Dogmatists, 63, 65 

Dominicus Gundissalinus, 167 

Dorp, Martin, 8 

Double truth, doctrine of, 183-184 

Down, and up, 274-276 

Duhem, Pierre, 12 


Earth: Bede on shape of, 144; at cen- 
ter of world, 138; and movement 
to other worlds, 275-276; and its 
natural place, 273-274; position 
of, 130; shape of, unimportant to 
Christians, 73, 118, 120, 129 

Edict of Milan, 226 

Egyptians: and dissection, 66; plun- 
dering of, 112 

Element(s), fifth, 126 

Elements, four: in condemned arti- 
cles, 183; remain in own worlds, 
41, 120, 123, 126, 128, 129, 197 

Emanation process, 99-100 

Empedocles of Acragas, 59 
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Empyrean heaven, 205 

Epicurus, 91 

Epilepsy, 61 

Erasistratus of lulis, 65-66 

Erasmus, Desiderius 6-7 

Eriugena, John Scotus, 148-149, 152; 
work: On the Division of Nature, 
148 

Errors, of the philosophers, 254- 
256 

Eternity of the world: arguments 
against, 257-260; condemned arti- 
cles relevant to, 123, 178-179, 182- 
183, 212, 238, 255. See also 
World(s) 

Ether, celestial, 42, 123, 126, 130 

Eucharist, 204, 216, 217, 221 

Euclid: commentaries on Elements, 
72, 90, 93; Elements of, 68-73; 
works: Elements, 28-29, 216; 
Optics, 83; Treatise on the Balance, 
82 

Euctemon, 74 

Eudemus of Rhodes, 89 

Eudoxus of Cnidus, 68, 75-77, 90 

Europe, new, 146-147 

Eusebius, 104 

Eutocius of Ascalon, 84 

Exact sciences, and relation to natu- 
ral philosophy, 243 

Exodus, 108 

Experiment, 54-55 


Falasifa, 234, 235, 246 

Farabi, al-, 233, 238, 250, 251 

Farghani, al-, 232 

Fatwa, 238, 241 

Faylasuf, 234 

Fire, 129 

Firmament: John of Damascus on, 
127-128; shape of, 121; waters 
above, 120, 130-131, 273 

Fish, migration of, 119 
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Fishacre, Richard, 202 

Foreign sciences, 231, 243 

Frederick II, Holy Roman Emperor, 
24 


Gabriel, 224 
Galen of Pergamum: world is teleo- 
logical, 65, 84, 85-87, 88, 228; 
works: Ont Anatomical Procedures, 
87; On the Natural Faculties, 85; On 
the Use of Parts, 87 
Galiieo Galilei: and Aristotelians, 
10-11; and mean speed theorem, 
1, 123, 218-220, 224, 240 
Gama, Vasco da, 12 
Gassendi, Pierre, 10 
Genesis: creation account contrasted 
with Ecclesiasticus, 232; creation 
account in, 31, 114-115, 116, 117, 
122, 137, 222; 1:14, 131; 1:24, 18 
Geometry: axioms, 69; definitions, 
70; parts of a proposition, 70-71; 
postulates, 69, 139, 143 
Gerard of Cremona, greatest trans- 
lator from Arabic to Latin, 167- 
168 
Gerbert of Aurillac, 149, 150 
Ghazali, al-; hostile to philosophy, 
237-238; works: Deliverance from 
Error, 237; The Incaherence of the 
Philosophers, 238 
Gibeon, 106 
Giles of Rome, 178-179, 254-256; 
work: The Errors of the 
Philosophers, 181 
Gilson, Etienne, 122 
Gnosticism, 98 
God: absolute power of, 182-183, 
205, 217; according, to Aristotle, 
43; and action at a distance, 202; 
can do anything short of a logical 
contradiction, 211; can make other 


worlds, 196-199, 278; can place a 
world in a millet seed, 269; could 
make something that has always 
existed, 261; created autonomous 
cosmos, 106; and creation ofar- 
tual infinite, 210; and creation of 
vacuum, 196; example of his 
power, 116; as First Cause, 203; 
how God created the world, 131~ 
132; infinite omnipresence of, 199, 
201; infinite space is his i immen- 
sity, 277; and natural impossibi 
ties, 176; need not precede his 
effect in duration, 262; and para- 
dox of actual infinite, 211; possi- 
ble creations beyond the world, 
268; proofs of his existence, 153— 
154; questions about, 208; and the 
rectilinear motion of the world, 
199-200; and the supernatural cre- 
ation of a vacuum, 191-193; used 
in analogical sense, 204-205; vari- 
ous hypothetical creations, 103, 
266-270 
Goldziher, Ignaz, 241 
Goliath, 108 
Grammar, 139 
Greco-Arabic science, 161 
Greek church fathers, 104, 116-129 
Greek Orthodox Church, played in- 
hibiting role, 224, 226, 227, 229 
Greek philosophers, most were bar- 
barians, 108 
Greek philosophy, had problematic 
role in Islam, 233 
Gregory the Great, 111 
Gregory IX, pope, 176, 207 
Gregory of Rimini: on angels, 210, 
215-216; can God make someone 
sin, 209; a part of an infinite can 
equal the whole infinite, 212-213 
Gregory VII, pope, 147, 149 


Gregory Thaumaturgus, 108 
Gutenberg, Johann, 26 


Handbook(s), 89-93, 122, 142 
Handmaiden(s) of theology, 31, 105, 
107, 112-113, 227-228, 244, 245, 

249-254 

Heath, Sir Thomas, 85 

Heaven(s): Aristotle on, 51; infinite 
void space beyond, 277; shape of, 
120, 128. See also World(s) 

Hebrew, 168 

Hebrew Prophets, 108 

Heliocentric hypothesis, 82 

Hellenistic period, 78, 137 

Heloise, 154 

Heracleides of Pontus, 82 

Hermann of Carinthia, 167 

Hero of Alexandria, 83, 88, 93; works: 
Mechanics, 83; Pneumatics, 83 

Herophilus of Chalcedon, 65-66 

Hexameral commentaries, 31, 114- 
u5 

Hezekiah, king, 106 

Hipparchus of Nicaea, 81, 82 

Hippocrates of Cos, 60-61 

Hippocratic Oath, 61-62 

Hippocratic School, 61-63; works: 
Epidemics, 63; On the Nature of the 
Child, 53; On the Nature of Man, 
62; On the Sacred Disease, 61 

Hobbes, Thomas, 10 

Hoffding, Harald, 11 

Holkot, Robert: and infinite number 
of proportional parts, 210; infin- 
ites are equal, 211-212, 215 

Holy Roman Empire, 149 

Holy scripture(s), interpretation of, 
130, 222 

Holy Spirit, 218, 227 

Homocentric spheres, 75-77 

Hoodbhoy, Pervez, 239-240 


Index 301 


Hooke, Robert, 174 

Horse collar, 146 

Hugh of St. Victor, 150 
Hugolin of Orvieto, 215 
Humors, four, 62-63 
Hunayn ibn Ishaq, 233 
Hypothetical conditions, 176 
Hypothetical questions, 221 


lamblichus, 100-101 

Ton al-Haytham (Alhazen), 232 

Ibn al-Nafis, 232 

Ibn as-Salah ash-Shahrazuri, 238- 
239, 241-242 

Tbn Bajja (Avempace), 233 

Ibn Khaldun: opposed philosophy, 
242; work: Muqaddimah, 242 

Ibn Rushd (Averroes), 232, 233, 239; 
work: On the Harmony of Religion 
and Philosophy, 240-242. See also 
Averroes (Ibn Rushd} 

Ibn Sina (Avicenna), 233, 239; work: 
Canon of Medicine, 232. See also 
Avicenna (Ibn Sina) 

Impetus, 194-195 

Incarnation, 221 

Inertia, principle of, 123 

Infinite series, 174 

Infinite space, 200 

Infinite(s): actual, 124; can God 
make an actual infinite, 210-211; 
can one infinite be greater than 
another, 211; cannot be ordered, 
258; cannot be traversed, 258; im- 
possible to add to, 257-258; in the 
infinite a part can equal the 
whole, 212; number of angels, 
210; potential, 124, 209 

Innocent Il, pope, 158 

Intelligences, 194 

Intension and remission of forms, 
217-218 
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Investiture Struggle, 147 

Isaias 40:22 (Septuagint), 128 

Isidore of Seville, 137, 141, 142-143, 
144; works: Etymologies, 142-143; 
On the Nature of Things, 142, 143 

Isis, 97, 98-99 

Islam: contrasted with Christianity, 
247; contributed to advance of 
human knowledge, 229; dissemi- 
nated largely by military con- 
quest, 230-231; a nomocracy, 235; 
science and religion in, 230-243; 
a theocracy, 102, 224, 242-243, 
244 

Islamic sciences, 231 

Istanbul, 226, 228 


James of Venice, translations of, 166, 
167 

Jerome, Saint, 111 

Jerusalem, 104 

Jesus ben Sirach, 105 

Jesus Christ, 102, 251 

Job 26:(7], 277 

John of Damascus (John Dama- 
scene): on the importance of phi- 
losophy, 109-111, 117, 127-129; 
work: Orthodox Faith, 127, 129 

John of Salisbury, 150-151, 152; 
work: Metalogicon, 150 

John of Seville, 167 

John XXI, pope, 181 

Jordanus de Nemore, 24 

Joshua, 106 

Jupiter, 77-78 

Justin Martyr, 106 

Justinian, emperor, 228 


Kalam, 235, 236, 239 
Kepler, Johannes, 1 
Khazini, al-, 232 
Khwarizmi, al-, 232 
Kilwardby, Robert, 181 


Kindi, al- (Alkindi), 178, 232, 233, 
239-240 
Knowledge, for its own sake, 88 


Ladder of nature, 67 5 

Lanfranc of Bec, 152-153 

Latin church fathers, 104, 111-114 

Latin Encyclopedists, 137-145 

Latin West, embraced Greek science, 
229-230 

Law, faculty of, 172 

Leibniz, Gottfried, 200 

Leo III, pope, 226 

Leucippus of Miletus, and infinity 
of worlds, 59-60, 74 

Lewes, George Henry, 38 

Liberal arts, 91 

Light: Oresme on the refraction of, 
174; spiritual, 121 

Lindberg, David, 83, 166 

Lloyd, G.E.R., 19-20, 65, 74 

Locke, John, 10 

Logic: Augustine’s attitude toward, 
113-114; basic subject in Cathe- 
dral schools, 149-150; not to be 
applied to faith, 150; old, 51, 139, 
140, 149-153; in Sentence Commen- 
taries, 160 

London, 170 

Lucretius (Titus Lucretius Carus), 91 

Luke 21:25, 131 

Luther, Martin, 9 

Lyceum, 34, 82, 87, 89 


Machines, five simple, 83 

Macrobius, Ambrosius Theodosius, 
137; work: Commentary on the 
Dream of Scipio, 138 

Madrasas, 243 

Maimonides, 178 

Major, John, 207 

Makdisi, George, 236 

Mamun, al-, 235, 239 
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Mansur, al-, Caliph, 233 

Manuscripts: Greek, in Byzantium, 
229; in the Middle Ages, 26-29 

Marius Victorinus Afer, 111 

Marsilius of Inghen, 195 

Mass, 204, 216 

Master of arts, 172 

Mathematics, proof in, 43-44, 68, 
84-85, 113 

Matter, and creation, 121 

Maximian, 226 

Medical schools, in ancient Greece, 
60-63 

Medicine: Dogmatist school of, 63; 
Empiricist school of, 63; experi- 
ments in, on living animals, 85- 
87; four humors, 63; Hippocratic, 
61-63; and natural philosophy 48; 
and philosophy, 63 

Medicine, faculty of, 172 

Mercury, 139 

Merton College, 218 

Mesopotamia, 101 

Metaphysics, 43 

Metochites, Theodore, 228 

Meton, 74 

Michael Scot, important translator, 
168 

Middle Ages: hostile attitude to- 
ward, 4-11, 260; an innovative pe- 
riod, 12-13 

Miletus, 57 

Mithras, 97 

More, Thomas, 8-9 

Moses, 118, 129, 134 

Motion, outside the world, 268 

Mu‘tazilites, and metaphorical inter- 
pretation of scripture, 235-236, 
237 

Muhammad, 102, 224 

Müller, Johannes, 37-38 

Muqaddimah, 242 

Murdoch, John, 212-213, 220 


Music, of the celestial spheres, 130, 
139, 143 

Mutakailimun, 235, 237 

Mutassim, al-, 235, 239 

Mutawwakil, al-, caliph, 236, 239, 
240 

Mutazilism, 236 

Mystery religions, and Christianity, 
97-99, 101-102 


Natural books, 47 

Natural philosophers: Greek, and 
attitudes toward gods, 19; kinds 
of questions they posed, 176 

Natural philosophy: accepted by 
theologians in the West, 245; ac- 
cepted in West, 244; applied to 
Eucharist and Mass, 216-217; au- 
tonomy of, 187; Bede’s contribu- 
tions, 144; commentary form of 
literature in, 174-175; conditions 
for its acceptance, 245-246; the 
conditions for its dissemination, 
242; impact of theology on, 203; 
independent of theology, 203, 204; 
meager in 12th century, 163-164; 
mother of all sciences, 22, 23; 
often regarded with hostility in 
Islam, 233-234; questions form of 
literature, 175-176; and religion, 
25; regarded as peripheral in 
Islam, 243; relation of, to science, 
103-104; and sciences, 20-23; and 
scripture, 163; in Sentence Com- 
mentaries, 159-160; study of, 
institutionalized, 229-230; and 
theology, 248; types of literature, 
172-176; typical questions in, 22- 
23, 161-164 

Natural places, 267 

Nature: and Basil, 122; as a cause, 
46; healing power of, 62, 105-106 

Nazi Germany, 247 
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Neo-Platonists, 94 

Neo-Pythagorean school, 99 

Newton, Isaac, and tri- 
dimensionality of God, 1, 174, 
200, 202 

Nicene Creed, 227 

Nicomachus of Gerasa, 84 


Oath of 1272, 177-178, 189, 191, 193, 
194, 203 

Octavius, 225 

Ogle, William, 38-39 

Old Testament, 106, 108 

Omar Khayyam, 232 

Ontological proof (or argument), 
153-154 

Optics, 22, 25 

Oresme, Nicole: and absolute recti- 
linear motion, 200; on daily rota- 
tion of earth, 223; God used in 
analogical sense, 204; proof of 
mean speed theorem, 218; on the 
refraction of light, 174, 245, 271- 
278; work: Un Seeing the Stars, 174 

Origen, relations of philosophy and 
Christianity, 108-109, 250 

Oxford, University of, 169, 170, 176, 
181, 218 


Papal Revolution, 147-148 

Pappus of Alexandria, 93; work: 
Mathematical Collection, 84-85 

Paris, University of: antagonism of 
arts and theology faculties, 179; 
Oath of 1272, 177-178; Parisian 
Synod of 1210, 169-170; sought to 
separate theology and natural 
philosophy, 169, 170, 176, 190, 
197, 203, 207, 218, 240 

Parmenides of Elea, 58 

Paul, Saint, 154 

Peripatetics, 94 


Peter Alfonso, 167 

Peter Lombard: form of commén- 
taries on his work, 206-207; 
Sentences of, 159-160, 184, 202, 
213, 218 

Peters, F. E., 246 

Petrarch, Francesco, 6 

Pharisees, 102, 246 

Philip IL, king of Macedon, 34 

Philo of Alexandria, 105, 115-116 

Philo of Byzantium, 82 

Philoponus, John: arguments 
against eternity of world, 124-126; 
arguments against infinite, 124- 
125; commentaries on creation, 
123; and creation from nothing, 
127; opposed Aristotle’s theories, 
95, 117, 122-127, 167, 211, 228, 
233, 257; work: Against Proclus, 
124 

Philosopher-physicians, 233 

Philosophers, errors of, 254-256 

sophy: became rival to Chris- 
tianity, 99; broader than sciences, 
103; as described by John of Dam- 
ascus, 110-111; had much in com- 
mon with theology, 253 

Philosophy, applied to sacred truth, 
250-254 


Phrygia, Great Mother of, 97 

Physics, 22, 24, 44. See also Natural 
philosophy 

Pisa, Leaning Tower of, 123 

Planets, and traversal of infinites, 
125, 128, 129, 134 

Plato: Aristotle's teacher, 33; and as- 
tronomy, 74; attitude toward dead 
body, 63-65; closing of Academy, 
228; on creation, 16-17; and cre- 
ation from nothing, 189; on exis- 
tence of world, 129; influenced 
Christians, 126; and mathemati- 
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cians, 68; translations of his works 
into Arabic, 6, 93, 98, 104, 105, 
114, 116, 127, 128, 232; works: 
Phaedo, 63-64; Timaeus, 16-17, 94, 
n5 

Plato of Tivoli, 167 

Pliny (Gaius Plinius Secundus), 91- 
93, 137, 142, 144; work: Natural 
History, 91-93 

Plotinus: founder of neo-Platonism, 
99; his understanding of God, 99- 
100; work: Enneads, 99 

Plutarch, 82 

Porphyry of Tyre, 100; work: 
Commentary on Plato's Timaeus, 
138 

Posidonius, 91 

Postulates, 69 

Pre-Socratics, abandoned supernatu- 
ral explanations, 57-60, 74 

Prime Mover. See Unmoved Mover 

Probing and poking around, 224 

Proclus, as commentator on Plato’s 
works, 68, 84, 93, 94, 126 

Proportional parts, 210 

Protestant Reformation, 247 

Psalms: 95:11, 128; 103:2, 128; 103:2- 
3, 273; 113:3, 128 

Ptolemy, Claudius, 18-19, 75, 82, 84, 
88, 90, 140, 228; works: 
Mathematical Syntaxis (Almagest), 
78, 101; Optics, 83; Tetrabiblos, 101 

Pythagoras of Samos, 58, 68 

Pythagorean theorem, 68 

Pythagoreans, 73, 98 


Quadrivium, 91, 139, 140, 143 

Questions: counterfactual, 220; in 
natural philosophy, 175-176; rais- 
ing of, 157; in Sentences, 207-208; 
structure of typical question, 175 

Qur'an, 224, 231, 236, 242, 243, 246 


Rationalists, in Islam, 236 

Razi, al- (Rhazes), 85, 232, 239 

Reason: Anselm's use of, 153-154; 
and authority, 148; Boethius” em- 
phasis on, 140-141; new emphasis 
on, 146; and revelation, 13-14, 
151-152; in theology, 148-149; use 
of, 158-159 

Redemption, 221 

Religion: interpreted to mean theol- 
ogy, 14; and science, 248 

Renaissance, 1, 260 

Resurrection, 217, 238, 255 

Revelation: beyond reason and 
logic, 221; and reason, 13-14, 151- 
152 

Rhazes. See Razi, al- (Rhazes) 

Rhetoric, 139 

Richard of Middleton: can God do 
contradictory things, 209; and 
motion of angels, 207, 215 

Robert of Chester, 167 

Roman Catholic Church, 226-227 

Roman Empire: and Christianity, 
231; Greek science in, 57, 83-88, 
102, 103, 146, 225, 226-227, 246 

Romans, and handbook tradition, 
90-93 

Rome, 170, 226 

Rosenthal, Franz, 242 

Rupert of Deutz, 158 


Sabra, A. L, 231, 235 

Saturn, 77-78 

Science(s): exact, excluded from nat- 
ural philosophy, 48-49; how term 
is used, 20-24; interpreted as nat- 
ural philosophy, 14; medieval and 
modern, 24; middle, 49; not con- 
troversial in Islam, 231-232; and 
religion, 248; usually devoid of re- 
ligious content, 20-21, 24-25 
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Scientia, 21 

Scribes, 26-29 

Scripture, 223; speaks to simple peo- 
ple, 153 

Seleucus the Babylonian, 82 

Seminal reasons, in Augustine, 132 

Seneca, Lucius Annaeus, 91, 111, 
137, 142, 251 

Sense perception, 44 

Sentences: can charity increase in 
man, 218; commentaries on, 159- 
160, 184, 189 

Seven liberal arts, 139, 140 

Sicily, 165 

Siger of Brabant, 177 

Simplicius, 95; critic of Philoponus, 
84, 123, 127, 167, 196, 197, 228, 
233 

Singer, Charles, 11 

Size, relative, 272-274 

Socrates, 63-64; death of, 104, 106 

Sorabji, Richard, 125 

Souls, on possible infinity of, 264 

Southern, R. W., 150 

Soviet Union, 247 

Stahl, William, 144-145 

Stoics, 196 

Strato of Lampsacus, 82 

Substance(s): and the Eucharist, 216; 
and their accidents, 176, 216 

Sylla, Edith, 217, 220 

Sylvester Il, pope, 149 


Tatian, 104 

Taylor, A. E, 40 

Technology, 12 

Tempier, Stephen, bishop of Paris, 
177, 181, 184 

Tertullian, 65, 104 

Thales, 57, 58, 73 

Theaetetus, 68 

Themistius, 94, 167, 228 


Themon Judaeus, 204 

Theocracy, in Byzantine Empire, 246 

Theodoret, 104 

Theodoric, emperor, 141 

Theodosius, emperor, 102, 226 

Theologian-natural philosophers, 
224, 229, 244-245 

Theologians: attacked by Erasmus, 
6-7; Buridan’s attitude toward, 
191-195; in Byzantium, 245; and 
counterfactual questions, 220-221; 
explaining the Eucharist, 216-217; 
in Islam, 243, 245; void space and 
God's infinite omnipresence, 199 

Theology: analytic rather than spiri- 
tual, 221; became analytic disci- 
pline, 207; foundation of, 154; has 
much in common with philoso- 
phy, 253; impact of natural philos- 
ophy on, 207; is it a science, 184- 
187; “queen of the sciences,” 179- 
181, 187; superior to all other sci- 
ences, 185-187; use of analytic 
techniques in, 141, 208 

‘Theology, faculty of, antagonistic to 
arts faculty, 172, 179, 181-182 

Theon of Alexandria, 84 

Theophilus of Antioch, 127 

Theophrastus, 33, 35, 89-90 

Thomas Aquinas: adopted Augus- 
tine’s approach, 222-223; on an- 
gels, 213-215; is theology a 
science, 167, 184-187, 189, 205, 
207; work: Summa of Theology, 185, 
213, 222 

‘Thorndike, Lynn, 143 

Time, 255; is eternal, 134-135 

Toledo, 165 

Toulouse, University of, 176 

Traditionalists, in Islam, 236 

Translations: from Arabic into Latin, 
167-168; of Greco-Arabic science 


Index 307 


into Latin, 165-169; from Greek 
into Latin, 166-167; of Greek sci- 
ence into Syriac and Arabic, 231 

Trinity, 221 

Trivium, 91, 139 

Tullius. See Cicero 


Universities: and corporations, 171- 
172; four faculties of, 17-72, 172 

Unmoved Mover, 17-18 

Up, and down, 274-276 


Vacuum: Aristotle rejected, 50-51; 
Buridan’s definition of, 193; mo- 
tion in a, 123; “nature abhors a,” 
22, 191-193, 195-196, 267-268 

Valla, Lorenzo, 6 

Varro, Marcus Terrentius, 90-91 

Venice, 165 

Venus, 139 

Vikings, 12, 145, 146 

Vitruvius, 91 

Vives, Juan Luis, 7-8 

Vivisection, 65-66, 85 

Void, 60 

Void space: beyond the world, 199; 
infinite, beyond world, 200-201 

Voltaire, 4 


Wallace-Hadrill, D. S., 135 

Water(s): biblical, 117, 129; above the 
firmament, 130-131 

Western Europe, contributed to 
human knowledge, 229 


Whole-in-every-part doctrine, 202 
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